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ABSTRACT
Fabr ic  f ield con t a i ne r  s tudies  were in i t i a ted  in Apri l ,  1985, and c o n ­
t inued  for  two years.  T h e  fol lowing four  t r e a t m e n t  c ombina t ions  were  
evalua ted;  1) p r oduc t ion  me th ods  and t r ickle i r r igat ion;  2) f e r t i l i zer  s o u r ­
ces and t r ickle i r r igat ion;  3) fabric field co nta ine r  size,  t r ickle  i r r igat ion,  
and fer t i l i zer  appl i ca t ion  methods ;  and 4) r a te  of  s low-release fer t i l i zer .  
U n i f o r m  3.8 l i t er  c on t a i n e r - g r o w n  l iners  of  A cer  rubrum  ( red  maple) .  
B etula  nigra ( r iver  birch),  Pinus E lliotti (slash pine),  Q uercus virginiana  (live 
oak),  and Taxodium  d istichum  (bald cypress)  were t r a ns p l an t ed  in each of  
the  s tudies ,  and Liriodendron tulipifera  ( tul ip t ree)  was also included in 
s tudy four.  P r oduc t i on  met hods  included bal led and bur lap  ( B&B)  t rees  
grown in f lat  and rai sed beds  and 46- cm-d i amet er  fabric f ield c on ta ine r  
t rees  grown in flat beds.
Plant  p r oduc t ion  m e t h od  did not  inf luence first  or  second year  p lant  
he igh t  and t ru n k  ca l iper  o f  Acer, Pinus, Quercus and T axodium , whereas ,  
B etula  p l an t  he ight  was r educed  by the fabric con ta iner .  Fabr i c  con t a i ne r s  
r esul ted  in 65-76% (Acer), 32-39% (B etula), 97-110% (P inus), and 25- 80% 
(T axod ium )  increase in root  mass densi ty comp ar ed  with B&B t r e a t me n t s  
a f t e r  2 years.  Roo t  dry weights  were 28% h igher  for i r r igated t rees  c o m ­
p ar ed  wi th noni r r iga t ed  t rees.  Fabr ic  c on ta i ne r  root  balls o f A c er  and Q uer­
cus were  sensi t ive to pos tharves t  handl ing.  The  increased  root  mass 
dens i ty  of  Taxodium  t rees  grown in fabric conta iners  resu l t ed  in an increase 
in root  growth po ten t ia l  c ompar ed  wi th B&B trees.
F er t i l i ze r  sources  had no effect  on first and second year  p l ant  heights  
and  t runk  ca l iper  of  t rees  grown in 46- cm-d i amet er  fabr ic  conta iner s .  
Species  var ied  in response  to t r ickle i r r igat ion in study 3. Betula, Q uercus , 
and  Taxodium  r esponded  in a posi t ive m an ne r  to t r ickle i r r iga t ion.  Top  
g rowt h and harves ted  root  systems of A c er  and Pinus were negat ively a f ­
f ec ted by t r ickle i rr igat ion.
N rates  g r e a t e r  than  84 kg/ha/yr were not  benef icial  to top growth  for 
B etu la , L iriodendron  and Quercus t rees  grown in 4 6- cm-d iame t e r  fabr ic  
conta iners .  A cer  and Pinus did not  benef i t  f rom N rates  h igher  than 168 
kg/ha/yr,  and Taxodium  p r oduced  best  growth at a N rate of  252 kg/ha/yr.
x
Introduction
Tr an s p l an t in g  resul ts  in a drast ic  r educ t ion  of  a t r e e ’s root  system.  It 
has been  e s t i ma t ed  that  as l i t t le as 2% of  the or iginal  roo t  soil  vo lume  is 
moved  wi th a typical  nursery t ree (131).  Calcula t ions  of  total  root  l ength  
r e m a i n i ng  in the harves table  root  ball  range f rom 5 .3% to 8 .5% (38).  Each  
species  has a charac ter i s t i c  roo t : shoot  rat io which r emai ns  cons tan t  in a 
s table  e n v i r on me n t  and decreases  progressively with p l an t  age and size 
(64).  Ma in t a i n ing  a p r o p e r  balance be tween  the root  system and the crown 
is necessary for  o p t i mu m growth (129).  Mi ni mi z i ng  the imbalance  imposed 
by h a r v e s t i n g  s hou l d  a l low the  p lan t  to r e - es t ab l i sh  its c h a r a c t e r i s t i c  
roo t : shoo t  ra t io  at a more  rapid rate,  resul t ing in maxi mum survival  and 
rapid growth.
Res t r i c t ing  the roots  with a fabric b a r r i e r  is an a t t e m p t  at  increas ing  
the  a m o u n t  of  roots  moved wi th t ra nsp lan t ed  t rees.  Ini t ia l  s tudies  sug­
ges ted  that  the use of  fabric root  bar r ie r s  had the pot en t ia l  to increase  h a r ­
ves table  root  mass,  improve  t ransp lan t  e s tab l i shment  rate,  and extend 
harves t  season while decreas ing  the r equ i red  root  ball  size and  harves t ing  
l abor  costs (95,126,135,136,137).  None  of  these studies,  however ,  has ac ­
tual ly included repl ica ted t r e a t me nt s  of  convent ional  B & B  (bal led and 
b ur l a pp ed )  plants  for  compara t ive  purposes .
In Louis iana,  most  field nursery stock is grown on raised beds and 
ba l l ed  and bur lapped .  Fabr ic  field conta iners  may of fer  some i m p r o v e ­
men t s  in min imiz ing  the roo t : shoot  imbalance  comp ar ed  to conven t iona l  
B & B  nursery stock.  For  woody species commonly  grown in Louis iana,  it
1
has not  been  d e t e r m i n e d  if  r es t r i c t ing  the roots  will  resul t  in dwarf ing of  
p l an t  ma t er i a l  and if apprec iab le  increases  can be ob ta i ned  in root  mass 
and roo t  growth po ten t i a l .  I n te rac t ions  b e tw ee n  the  fabric field c o n t a in e r  
and  i r r i ga t ion ,  fer t i l i ty,  and  fabr ic  f ield c o n t a i n e r  size have not  b e e n  
s tudied.  Th e re f o r e ,  a f ield s tudy was in i t i a t ed  in 1985 to d e t e r m i n e  root  
and top growth responses  o f  five woody o r n a m e n t a l  species  to fabr ic  f ield 
conta iners ,  B & B  t re a t me nt s ,  t r ickle i r r igat ion,  f e r t i l i zer  source and f e r ­
t i l i zer  ra te .  I n f o r ma t io n  ob ta i ned  f rom this study will  be u t i l i zed in maki ng  
r e c o m m e n d a t i o n s  to nursery field p r oducer s  in Louis iana.
Review of Literature
A pr imary  concer n  of research with nursery p r oduc t ion  is the m a i n ­
t en an ce  of  a p r o p e r  balance be t ween  the root  system and the crown of  the 
p lant  and a d i s t rup t i on  of  this balance can resul t  in t r ansp l an t  shock.  One  
might  assume that  more  roots  in the root  ball should  resul t  in i ncreased  
survival  and  growth of  t r a nsp lan t ed  trees.  This  assumpt ion ,  however ,  does  
not  t ake  into account  what  co mp o ne n t  par ts  of the root  system are i n ­
creased  and the in te rna l  cont rols  of  the plant  on roo t  growth.  In o r d e r  to 
examine  the effects  of nursery and t ransp l an t ing  pract ices  on root  system 
d i s t r i bu t io n  and root  regenera t i on ,  it is necessary to have an u n d e r s t a n d i n g  
of  assoc ia ted  t e rminology  and methods  avai lable for m e a s u r e m e n t  o f  root  
systems.
Terminology and measurement of root systems
R o o t  growth po ten t i a l  ( R G P )  is a measure  of  the capaci ty of  p l an t ing  
s tock rapidly to grow new roots  (62).  O t h e r  t e rms  such as root  growth  
capaci ty (15),  root  r e g en e r a t i o n  (128),  root  r e ge ne ra t i on  po t en t ia l  (25)  
and r o o t - r e g e n e r a t in g  po t en t ia l  (72) are used in te rchangeab ly  t h r o u g h o u t  
the  l i t e r a t ur e .
Ri tch ie  (99) descr ibes  a s t anda rd  me t hod  for measur ing  R G P  in fores t  
t ree  seedl ings  in the fol lowing manner :  Tree  seedl ings  are l i f ted and any 
new whi te  tips are  removed.  The  seedl ings  are po t t ed  and held in a test  
e n v i r o n m e n t  u nd e r  ideal  condi t ions  for root  growth as d e t e r m i n e d  for the 
species  in ques t ion .  Af te r  28 days they are excavated and new root  p r o d u c ­
t ion quant i f i ed .  Wh i t co mb  (136) s imilar ly t r a nsp lan t ed  plant s  grown in
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18 inch fabr ic  f ield c on t a i n e r s  into  2 8 - i nc h - d i a m et e r  c o n t a i n e r s  and 
e va l ua t e d  the new root  p r o du c t io n  a f t e r  30 days.  W h e n  us ing these  
met hods ,  root  growth po t en t ia l  ( R G P )  can be expressed as the total  n u m ­
b e r  of  new roots g r ea t er  than 1 cm in l ength (69),  as total  l ength o f  new 
roots  (67) and as weight  or  volume of  new roots  (4).
The  soi l -core m e t ho d  involves r emoving  cyl indrical  core samples  f rom 
the soil  prof i l e  and washing the soil f rom the roots.  Ba r ne t t  (8) e s t ima t ed  
roo t  growth  af ter  t r ansp lan t ing  plant s  in one-gal lon con t a i ne r s  by col lec t ­
ing core samples  as a func t ion  of dep t h  and dis tance  f rom the p lant  crown 
4, 7, 9, 11, 16, and 21 weeks  a f t e r  plant ing.  Watson and Hi mel i ck  (132) 
also used the soi l -core sampl ing me t hod  to measure  new root  p roduc t ion  
on  t r a n s p l a n t e d  t rees  (44 inch root  bal l )  one year  a f t e r  the da te  of  
t r ansp lan t i ng .  Many researchers  r epor t  t he i r  resul ts  in t e r ms  of  root  mass 
dens i ty  (119).  In s tudying wa t er  up t ake  by a p lant  root  system it is i m p o r ­
t an t  to cons ider  es t i ma t i ng  root  length densi ty (8).  The  es t i ma t es  are made 
on washed root  samples,  usually based on the l ine- in te rcept  me t ho d  of 
Ne wm an  (83).
The  soi l -core m e t hod  of  sampl ing  roots  is imprac t ica l  in stony,  grave l ­
ly, in low-coherence  soils, or  in soil conta in ing  roots  g r e a t e r  that  2 mm  in 
d i a m e t e r  (119).  Roo t  d i s t r i bu t ion  s tudies  of o lder  p lant  mater ia l  usually 
r equ i re  par t ia l  or  en t i re  excavat ion of  the root  system.  This  me t hod  can 
be t ime-  consuming  and roots  less than  2mm in d i a m e t e r  are  usually not  
r eco rded  (38).  Pres ton  (93) e s t imated  that  one pe r son  needs  5 weeks  to 
excavate,  measure ,  and record the root  system of  a 15- year -old pine t ree.
Excavat ion may give the only c lear  p ic ture  of a root  system's  symmet ry  
wi th respect  to soil dep t h  and quadran t s  relat ive to nor th .  Watson  and
H i m e l i c k  (131)  par t i a l ly  excavated e ighty-e ight  t rees  wi th a 44 inch 
mechanica l  t ree  spade.  The  wall  of  the cone- shaped hole was exami ned  
for  roots  of  1 cm in d i am e t e r  or  greater .  The  locat ion,  dep th  and size of  
severed roots  were  p lo t ted  on a map r ep re s en t ing  the ou te r  surface of  the 
root  ball .  G i l m a n  (38) excavated 3 species o f  t rees  (six repl ica tes  each)  and 
ca lcu la ted  the total  root  l ength  wi thin  and outside a s tandard-s i ze  root  
ball.
S om e  r e s e a r c h e r s  ch oo s e  to d ivide  the  r oo t s  i n t o  3 size classes:  
1) f ibrous  - up to 1mm (.04 in) d i ameter ,  2) secondary - g r ea t e r  t han 1 mm 
(.04 in) but  less than  1 cm (.4 in) in diamet er ,  and 3) pr imary  - 1 cm (.4 in) 
in d i a m e t e r  and larger  (31,87,88,90).  Roo t s  are s epa ra t ed  f rom the soil,  
washed,  and dry weight  d e t e r mi ne d .  The  root  weights  of  the d i f f e ren t  root  
classes are usually d e t e r m i n e d  for  root  bal ls that  comply wi th Amer i can  
Assoc ia t ion  of  N ur se r ymen  speci f icat ions  (2).
O t h e r  m e t h o d s  for  s tudy i ng  roo t  systems,  such as t r e n c h - p r o f i l e ,
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Monol i th ,  min i rh izo t rons ,  rh izot ron,  and P or  N t race r  are reviewed 
in Taylor  (119) and At kinson  (5).  These  methods  are used i nf r equent ly  
wh en  studying the effects  o f  nursery and t ransp lan t ing  pract ices  on root  
d i s t r i bu t io n  and root  growth potent i a l .  Taylor  (119) main ta ins  tha t  root  
growth and root  system arch i tec t ure  s tudies  are so tedious  and t ime co n­
s umi ng  tha t  one should choose the easiest  and s imples t  me t hod  that  will 
p rovide the des i red  i nformat ion .
Root distribution and its relationship to top growth
Stout  (112),  excavated and s tudied the root  systems of  nine nat ive 
dec iduous  t rees  at a n u m be r  of  locat ions.  The  rat io be t ween  the a rea  of  
the  root  system and the area  of the crown ranged b e t ween  3.4:1 and 6.1:1
(->
for  18 of  the excavated t rees.  A m ean  root -crown rat io of 4.5:1 was o b ­
t a ined  for  these 18 trees.
Ho pk i ns  and Do n ah ue  (52) charac te r ized  the root  systems of  yel low 
birch,  sugar  maple,  beech,  balsam and spruce as re la ted  to soil dep t h .  They 
found that  70-80% of the roots  of  all species s tudied were in the A hor izon.  
The  root  d i s t r ibu t ion  of f ibrous and surface roots was highly co r re l a t ed  
wi th organic  mat t e r .  Yel low birch t rees  had the most  exstensive root  sys­
t em in the B.s hor izon,  whereas  beech t rees  exhibi ted no root  growth in 
the B 3 hor izon.  No cor re l a t ion  was made be tween  t ree  height  and root  
length.
Pan and Bassuk (85) in address ing the pr ob lem of  " ea r ly - s t ree t - t ree -  
mo r t a l i t y”, invest igated the root  system of  A ilian thus a ltissim a , which 
natura l ly  colonizes  and thr ives despi te  a host i le e nv i ronme nt .  They found 
A ilia n th u s  roots were  coarse,  unbr anched  and wide spreading,  whereas  
A c erp la n ta n o id es  and L iquidam bar styraciflua  roots were fine,  f ibrous  and 
co nf ined  to the a rea  of  the or iginal  p l an t ing  hole.  La te ra l  roots  of  
A ilia n th u s  were  t h re e  to four  t imes as long as that  of the o t h e r  two species.
Fa r e  e t  al. (31)  re la ted that  the poor  t ransplant  charac ter i s t i cs  of  
"Bur ford i i ’ holly may be due to a low percen tage  of  f ibrous and secondary 
r oo t s  in the  root  bal ls  dug  to A m e r i c a n  As s oc ia to n  of  N u r s e r y m e n  
spec i f ica t ions  (2).  'Nel l ie  R. S t evens ’ holly had about  3 t imes  more  
f ibrous  and 2 t imes more  secondary roots then ' Bur ford i i '  holly and has a 
c o r r e s pond in g  h igher  rate of  t ransplant  success.  Struve and Moser  (113) 
d e t e r m i n e d  that  pin oak was eas ier  to t ransplant  than scar let  oak because 
it had a g r ea t er  a mo un t  of  pr imary,  secondary and f ibrous roots.
7Watson  and Hi mel i ck  (131) did some of  the most  def ini t ive work on 
root  d i s t r ibut ion  as it re la tes  to nursery trees.  They worked with eightv-  
e ight  t rees  of  seven species  that  were harvested with a 44 inch mechanica l  
t r ee  spade.  They cons t ruc ted  a model  of  a typical nurserv-grown t ree f rom 
these observat ions  and o t h e r  studies,  and concluded tha t  the root  ball r e p ­
r esents  2% of  the or iginal  soil volume occupied by the t ree ' s  root  system.  
T h e i r  resul ts  were also in a g r eem en t  with o th er  s tudies  which co n s i s t en t ­
ly r epor t  tha t  the highest  dens i t ies  of  roots  are in the u pp er  soil hor izons .  
It was also d e t e r m i n e d  tha t  five of the seven species  deve l oped  the i r  
h ighes t  count  of  roots  in the no r t he rn  quadrant .
G i l m a n  (38)  e xc a v a t e d  the  roo t  sys tems  of  G leditsia  tria ca n th o s , 
Populus  x generosa, and Fraxinus Pennsylvania  a f ter  th ree  years  and d e t e r ­
mined  the root  l ength r emai ning  inside the harvestable  root  ball ranged 
f rom 5.3% to 8.5% of  the total  root  length.  All t hree  species  had g rea t e r  
root  l ength  outs ide  the branch  dr ipl ine  than wi thin.  Thi r ty-f ive p er cen t  
of  pop l a r  roots  were  located gr ea t er  than 2 t imes  the d i s tance  f rom the 
t r unk  to the branch  dr ipl ine;  however,  only 16.8% and 7.8% locust  and ash 
root  length,  respect ively,  were in this region.  This  work r epresen t s  the 
first  a t t emp t  to quant i fy the re la t ionship  be tween hor izonta l  root  d i s t r ib u­
t ion  and branch  spread.  G i l m a n  et  al. (39) also d e t e r m i n e d  that  the root  
s pread  for  young t rees ( Gleditsia triacan thos) three  growing seasons  af ter  
p l a n t i n g  was p r e d i c t ed  re l iably  f rom s tem d i a m e t e r  or  b ranch  radius  
m eas ur emen ts .  Roots  ex tended  as average of sl ightly less than three  t imes  
the dis tance  f rom the t runk  to the dr ipl ine.  T h e re  was no tendency toward 
increased growth in the n o r th e r n  quadr an t  as observed wi th o t h e r  species 
(131).  Also,  these researchers  did not  observe any r e l a t ionsh ip  be tween
8shape of the b ranch crown and root  system, such as increased root  growth 
on the  side of the t ree with increased shoot  branching.
Internal control of root growth
The  ini t ia t ion of root  growth is cont ro l l ed  by some s t imulus  o r i g i n a t ­
ing in the shoots  of the plant .  R i c h a r d s o n ’s (96) early work with sugar  
maple  d emo ns t r a t ed  that  physiological ly d or ma nt  buds suppressed  root  
growth  and weakened  the R G P  response.  The  bud dormancy  is deve loped  
in the fall and is r e leased by chi l l ing t em pe r a t u r es  dur ing  the win t er  and 
spr ing months  or by cold s torage t r ea t me nt .  O t h e r  r esearcher s  have also 
shown that  the R G P  response is decreased  unless the chi l l ing r e q u i r e ­
ment s  of  the shoots  has been  sat isfied (35,36,59,72).  Lu th rop  and M ec k­
l enbur g  (71) r ep or t ed  tha t  root  dormancy,  as well  as shoot  dormancy,  was 
inversely re la ted to R G P  in Taxus spp.
Sites of  or igin in coni fers  are d i f fe ren t  f rom those ang i ospe rms  p r e ­
viously discussed.  Ri tchie  (99) found that  bud removal  had only a modest  
ef fect  on R G P  f rom No v emb er  t h rough  D e c e m b e r  in Douglas  Fi r  s ee ­
dl ings.  whi le gi rdl ing and needle  removal  complete ly p reven t ed  int i a t ion 
of  new roots.
Roo t  growth pot en t i a l  ( R G P )  in Ponde r osa  pine  reaches  a peak in the 
spr ing pr ior  to b ud- break  and in the fall (111).  The  spr ing peak is due to 
bo th  root  ini t ia t ion and e longat ion ,  whereas  the fall peak  is due exclusive­
ly to e longa t i on  of exist ing roots .  Similar  seasonal  per iodic i ty  of  root  
g r o w t h  p o t e n t i a l  has  b e e n  n o t e d  in s e v e r a l  o t h e r  w o o dy  s p e c i e s  
(59,71,72,73) .
H o r m o n a l  factors  o rg ina t ing  in the s tem are likely respons ib le  for  the 
in i t i a t ion  of  root  growth.  F r om  tissue cul ture  work it is well  known that  
root  and shoot  ini t i a t ion is t ight ly cont ro l l ed  by the auxin-cvtokinin rat ios  
(106).  Tobacco ce l l - supens ion l ines that  lost the i r  abi l i ty to r e ge n e r a t e  
roots  have no de tec t ab l e  m e m b r a n e - b o u n d  auxin-binding p r o te ins  (76).  
E thy l ene  has also been  impl ica ted in root  growth and d i f fe r en t i a t ion  (94).  
H i g h e r  levels of  auxin will resul t  in an increased synthesis  of  e t hy l ene  (80).  
If e t hy lene  synthesis  is blocked,  then  high concen t ra t ions  of  IAA will  no 
l onge r  inhibi t  root  growth  but  will s t imula te  it. This  may explain why 
h i ghe r  levels of  auxin t end  to s t imulate  in t i a t ion of  new roots  and lower  
c o n c e n t r a t i on s  s t imula te  e longat ion.
F a r m e r  (34) found tha t  auxins appl ied to roots  of decap i t a t ed  plant s  
s t im ul a t ed  root  r e g e ne r a t i o n  while inhibi t ing shoot  growth.  Car l son  (17)  
d e t e r m i n e d  that  en dog en ous  IAA levels in red oak increased be twe en  
root  p r u n in g  and the ap pe a r a nc e  of  new lateral  roots.  Auxin and cytokinin 
levels were  also increased in the root  xylem 24 hours a f t e r  root  p run ing  
red oak (16).  A n u m b e r  of  s tudies  have d e m on s t r a t ed  the p r o mo t io na l  e f ­
fects  of  auxins on root  in i t i a t ion  (41,59,72,74,75,77.92,97,104,109,1 14).
G i b b e r e l l i n  p r o m o t e d  shoot  growth at the expense of  root  growth  in 
Q uercus robus (107).  S i mul t aneous  appl ica t ion of auxin r es t o r ed  root  
growth  to normal  levels.  Cytokin in  activity in the sap of  Q uercus robus 
r each ed  a maximum 20 to 25 days before  bud- break.  Cytokin in  act ivi ty in 
root  ext racts  was lowered a f t e r  a single f lush of  shoot  growth.  R ed uc e d  
t r a n s p o r t  of  g ibbere l l ins  and  cytokinins  f rom roots  of  bean  plant s  may be 
p a r t l y  r e s p o n s i b l e  for  t h e  r e t a r d e d  s ho o t  g ro wt h  o b s e r v e d  in r oo t -  
r es t r i c t ed  plants  (18).  Sweet  and Ro ok  (115) r oo t -p r un ed  pine  seedl ings
and found a r educ t ion  of  A B A  (509c lower than cont ro l )  in roots  was as­
socia ted  with an increase in root  growth.
Ext rac t s  of  root  t ip samples  f rom spr ing-dug 777/a cordata  cul t ivars  had 
the g r ea t es t  abi l i ty to p r o mo t e  root  in i t ia t ion on mung bean cut t ings  c o m ­
p a r e d  wi th o t h e r  d igging-plant ing  t imes  (141),  vet root  r e g e n e ra t i o n  was 
g r ea t es t  for  fal l-dug.  fa l l -p lanted trees.  Shoot  growth is c om me n c i n g  in 
the  spr ing and is probably  depr iving the root  system of a c ons tan t  supply 
of  pho t osyn th a t e .  Pistacia chinensis  ‘Bunge '  seedl ings,  a f t e r  compl e t i on  of 
shoot  e l onga t i on  (Fal l ) ,  have a peak  in R G P  (72).  Di sbudd ing  at spr ing 
b ud- b re ak  or  sucrose f eeding  via the s tem substant ia l ly increases  R G P  at 
sp r ing  bud-break .  In many deciduous  t rees,  ca rbohydra t e  reserve levels 
norma l l y  decrease  sharply dur ing  spr ing growth and reach a m i n i mu m  in 
ear ly s u m m e r  (64,130).  T h e  onset  of  spr ing growth is bel ieved r espons ib le  
for  the sharp  drop  in reserve carbohydra tes .  Ca rbohydr a t e  levels are  
usually highes t  in the fall, and a u t u mn  fol iage is i mpor t an t  to the reserve 
c a r bo hydr a t e  status.  Def o l i a t io n  of  apple  t rees  four  to six weeks  before  
na tu r a l  leaf-fall  delayed the  onset  of  root  growth the fol lowing year  (50).  
R em ov a l  of  red oak leaves in a u t umn  also reduced the R G P  the fol lowing 
spr ing  (70).
R i cha r ds on  (98) d e m o n s t r a t e d  tha t  2-year-old A cer saccharinum  t rees  
wer e  less d e p e n d e n t  on cu r r en t  p ho tosyn t ha t e  p roduc t ion  and more  on 
reserves  for root  growth than  first  year  seedl ings.  It r equ i red  seven days 
of  shad ing  to inhibi t  root  growth.  Watson and Hi mel i ck  (132)  d e t e r m i n e d  
tha t  nons t r uc t u r a l  root  ca rbohydra t es  in Norway maple  were  lowest  dur ing  
the spr ing growth p er iod  and R G P  was also decreased.  They  also found 
tha t  the roots  of  t r a nsp l an t ed  Norway maple  t rees  accumul a t ed  h ighe r  car-
bohvdra t e  levels than no nt ra nsp lan ted  t rees.  They specula ted tha t  the root  
system of  t r a nsp l an ted  t rees  is so drast ical ly r educed in re l a t ion  to the 
crown,  t ha t  pho tosyntha tes  are p roduced faster  than  can be ut i l ized.  C a r ­
bohydr a t es  have also been  shown to accumula te  at the base of  severed  or  
g i rdled s tem cut t ings,  and were  associated with increased root  p r od uc t io n  
( 110 ).
No ap pa r en t  cor re l a t ion  was found be tween R G P  and reserve  non-  
s t r uc t ur a l  ca rbohydra te  levels in the foliage,  stems,  or  roots  in Douglas  Fi r  
seedl ings  s tored over  var ious  lengths  of t ime (99).  These  observa t ions  led 
Ri tch i e  and Dunl ap  (99) to bel ieve that  while root  activity requi res  c a r ­
bohydra tes ,  the level of  food reserves  does not a lone control  root  growth.  
They  s ummar i zed  tha t  once new root  growth had been  t r iggered  and was 
p r o ce ed i n g  in a favorable  env i r onment ,  its rate app ea r ed  to be inf luenced  
by an i n te rna l  ca rbohydra te  source-s ink r e la t ionship .  Pr ior  to bud- break ,  
roots  are the major  metabol i c  sink in the p lant  and are act ively d rawing 
upon  cur ren t ly  ass imi la ted (coni fers)  or  s tored  (hardwoods)  ca r boh ydra t e  
resources .  R e s um p t i on  of shoot  e longa t i on  is accompan i ed  by a rapid 
dec l ine  in root  growth,  suggest ing a s ink- s t r ength  reversal  favor ing the 
new shoot .  Af t e r  shoot  e l onga t ion  is comple ted ,  root  activity may r esume  
if e nv i r o n me n t a l  condi t ions  permi t .
Effect of cultural practices in the nursery on top growth and root growth 
potential (RGP)
container design and size
T h e  first  t h i ng  to c on s i d e r  be fo re  all else is the qual i ty  o f  p lan t  
ma te r ia l  to be t r ansp l an t ed  in the field for nursery p roduc t ion .  Most  n u r ­
ser ies  grow t he i r  own l iners for field p lan t ing  and have cont rol  over  the
ini tia l  p ro d u c t io n  per iod .  C o n ta in e r  plants  have been  shown to be supe ­
r io r  to c o n v e n t i o n a l  b e d -g ro w n  p la n t s  w ith  i n i t i a l  g ro w th  p r i o r  to 
t r a n sp la n t in g  and con t inued  growth in the field (48,135).  The  init ia l  f e r ­
ti l i ty of the co n ta in e r  m ed ium  is also an im por tan t  factor,  and has a co n ­
t inued  effect  long af te r  t ransp lan t ing  into the field. Plants  grown with 
o sm oco te  and m ic ro n u t r ien t s  in the co n ta in e r  m ed ium  were  signif icantly  
la rger  a f te r  one growing season in the field com pared  with p lan ts  w i thout  
a m e n d m e n ts  (48).
C o n ta in e r  size is an im p o r tan t  cons ide ra t ion  in growing t ree  seedlings .  
A n u m b e r  of re sea rchers  have ob ta ined  super io r  p lan t  growth with la rger  
vo lum e con ta ine rs  dur ing  the first  year  of  l iner  p ro d u c t io n  (4,47.117).  
H an so n  (47) d e te rm in e d  tha t  the ra t io  of p o t t ing  medium  surface a rea  to 
p o t t in g  m ed ium  dep th  gave a positive co r re la t ion  to seed l ing  dry weight 
accum ula t ions  in n o r th e rn  red oak. A pp le to n  (4) observed tha t  the su p e ­
r io r  growth of  14 t ree  species (deciduous  and coniferous)  as a resul t  o f  
s eed ing  into la rger  volume conta iners  con t inued  into the second season 
a f te r  t ransp lan t ing .
Both  a i r - ro o t -p ru n in g  and ver t ical  or s ta i r -s tep  ribs on the  co n ta in e r  
wall have been  developed  to p reven t  root  c irc l ing and even tua l  g irdl ing.  
Some re sea rche rs  have also observed an increased  f ibrous  root  mass and 
fas te r  root  r eg en e ra t io n  a f te r  t ra nsp lan t ing  in the field using these  co n ­
ta ine rs  (26.49,137,138).  Newman and Fo l le t t  (82),  however,  found no d i f ­
fe rence  in p r im ary  or  f ibrous root  dry weights  of  s ta i r - s tepped ,  s tanda rd  
round,  or  a i r - roo t  p ru n ed  con ta iners .  Shoot growth  p a ra m e te r s  were less 
for  the a i r - ro o t -p ru n e d  conta iners ,  but  the volume of  this c o n ta in e r  was 
ha lf  the volume of the o th e r  two t rea tm en ts .
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digging and planting time
A n u m b er  of re sea rchers  have shown a s trong  link be tw een  the p e r i ­
odicity of  root  grow'th p o ten t ia l  and the t ime of  year  t rees  are  harves ted  
(59,69,72,73,96,111,140).  General ly ,  the R G P  has a slight  peak  in la te  
su m m er /ea r ly  fall and a large peak  in late w inter /ear ly  spr ing, p r io r  to 
vege ta t ive  bud-b reak .  Research  has indicated that d i f f icu l t - to - t ransp lan t  
s p e c i e s  a r e  b e s t  t r a n s p l a n t e d  in  t h e  s p r i n g  p r i o r  to  b u d - b r e a k  
(59,69,72,111).  Many of these  species s tudied  are co a rse - roo ted  with few 
roo ts  co n ta in ed  in the harvested  root  ball.  In the spring,  p r io r  to bud- 
b reak ,  b o th  new roo t  in i t ia t ion  and e longa t ion  are tak ing  place a l lowing 
the p la n t  to es tablish  at a quicker  rate than  o th e r  t imes of  the year .  
W i th e r s p o o n  and Lumis  (140) found fall dug-fall  p la n te d  Tilia cordata  cul- 
t ivars  had the  h ighest  survival and root  reg en e ra t io n  rate.  Spr ing  dug- 
sp r ing  p lan te d  plants,  however ,  were lifted dur ing  the  p e r io d  of  rapid  
shoo t  e longa t ion .
As previously  discussed, the  per iodic ty  of ro o t  growth  po ten t ia l  is co n ­
t ro l led  by the  bud dormancy  cycle and the rea l loca t ion  o f  ca rbohydra tes  
to e lo n g a t in g  shoots .  A l though  most species tend  to have a high R G P  in 
la te  w in te r /ea r ly  spring, the exact t iming is var iable  and is d e p e n d e n t  on 
the species ,  seed source,  chi l l ing hours,  etc.  M o n i to r in g  h o rm o n e  levels 
in the sap of  trees  could be an aid to d e te rm in e  when t ra n sp lan t in g  will be 
successful (107).
chilling requirement and cold storage
R o o t  in i t i a t io n  and su b seq u e n t  e lo n g a t io n  occurs  p r im ar i ly  in the  
s p r in g  in the  p r e se n ce  of  physio logical ly  n o n d o r m a n t  buds  (96).  T he
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na tu ra l  bud dormancy which develops dur ing  the fall is b roken  by exposure  
to chi l l ing  t e m p e ra tu re s  du r ing  the w in ter  and early spring.  Seedl ings  tha t  
are  l i fted when buds are not  physiologically do rm an t ,  or  those  tha t  have 
b e e n  exposed to enough chil l ing in the nursery to b reak  bud dormancy,  will 
have R G P  decrease  while in s torage (62).  Seedlings tha t  have not  rece ived  
en o u g h  chi l l ing  and buds are  do rm a n t  when lifted will co n t in u e  to re lease  
bud dorm ancy  in cold s torage  and R G P  will be increased  as ch i l l ing  hours  
accum ula te .  S torage be tw een  -2° C and -5° C has given good resu l ts  with  
most  conifers ,  provided they are do rm an t .  T ree  species ad ap ted  to w a r m e r  
c l im ates  may have sh o r t e r  chil l ing req u i re m e n ts  at h igher  t e m p e r a tu r e s  
o r  no chi l l ing  r e q u i r e m e n t  at all (83).
irrigation/soil moisture
M ois tu re  s tress  can develop  in con ta in e r ized  t rees  t ra n sp la n ted  in the  
fie ld due to loss o f  avai lable  w ate r  from the root  ball  as a resu l t  o f  d ra in ag e  
by the field soil p rofi le  following i r r iga t ion  (23). To avoid m ois tu re  s tress  
the i r r iga t ion  frequency o f  a new t ransp lan t  may need to be even g r e a te r  
th an  r eq u i red  had it sti ll  rem a in ed  in the con ta ine r .  Tr ick le  i r r ig a t io n  has 
b e e n  shown to be an ef f ic ien t  m e thod  of  i r r iga t ing  nursery  t rees  (11,133).  
T he  average efficiency of  t r ick le  i r r iga t ion  systems over a two year  pe r iod  
r anged  from 44% to 72%, as co m p ared  with  13% to 20% for  o v e rh ead  
sp r in k le r s  (133).  The  p a t t e r n  of conduc t ion  b e tw een  the roots  and  leaves 
o f  a t ree  varies  b e tw een  and with in  species  (86).  In oaks and o th e r  r ing 
p o u ro u s  species,  a given roo t  is directly  connec ted  to a pa r t ic u la r  set of 
b ran c h e s  usually on the same side of the t ree  as the  roo t  (63).  W ith  these  
types of  t rees ,  a symmetr ica l  app l ica t ion  of  wate r  and f e r t i l ize r  would be 
im p era t iv e  to p roduce  a ba lanced  crown. Abbot  and G ough  (1),  w ork ing
w i th  b l u e b e r r i e s ,  a p l a n t  w i th  m in im a l  l a t e r a l  t r a n s p o r t  o f  w a te r ,  
d e m o n s t r a t e d  tha t  the non-w ate red  half  of the p lan t  exh ib i ted  a decrease  
in all growth charac ter is t ics .
I r r iga t ion  dem and  varies  am ong t ree  species  and is closely c o r re la ted  
w i th  m o n th ly  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  r a te s  (100).  Fas t  g ro w in g  
species  ( red  maple,  silver maple,  boxelder)  used the most  w ate r  over  a 3- 
m o n th  e x p e r im en ta l  pe r iod  (June th ro u g h  August)  com pared  with slow 
growing species  (sugar  maple,  Norway maple) .  Most of  the  w a te r  abso rbed  
by loblolly p ine  and yellow pop la r  t rees  has been  shown to e n t e r  th rough  
sub e r ized  roots  (65).  A n u m b e r  of researchers  have shown a pos itive 
r e l a t i o n s h i p  b e t w e e n  t r i c k l e  i r r i g a t i o n  a n d  t o p  a n d  r o o t  g r o w t h  
(10,28,53,60,87,88,90,91) .  R o o t  systems of i r r iga ted  t rees  deve loped  m ore  
f ibrous  roots,  yet were  d is t r ibu ted  in the same volume of  soil as non-ir -  
r iga ted  t rees  (87,91).  Apple  t rees  developed  sha l lower  but more  c o n ­
c e n t r a t e d  root  systems u n d e r  wet than  dry t r e a tm e n ts  (10).  Roots  usually 
p ro l i f e r a t e  in moist  soil, especially n ea r  the surface , part ly  because  moist 
soil offers  low res is tance to root expansion and allows for  a s teep  w ater  
g r a d ie n t  in to  expanding  root  cells (78). I r r iga t ion  ra tes  of  2.5 to 5.7 
l i te rs /day /p lan t  (90,91) and 25% to 50% rep lacem en t  of  net e vapora t ion  
(28,87) have been  suggested.  W hen  using the evapora t ive  p a n  m e th o d  a d ­
ju s tm e n t s  in w ate r  suppl ied  to the p lan t  are made du r ing  the year  based 
on the actual  evapora t ing  canopy size (30).
Klein  (61) found tha t  at the p e r io d  of peak  w ater  r e q u i r e m e n t  for 
peaches  and grapes, ten s io m e te rs  ind ica ted  rapid  withdrawal  of soil w a te r  
and necessi ty  for  daily i r r iga t ion .  A 12% t o l 4 %  conserva t ion  in w a te r  use 
was accom pl ished  with t en s io m e te r s  com pared  with pan ev apora t ion .  He
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co n c lu d e d  tha t  changes  in evapora t ive  dem an d  and p lan t  g rowth  and 
d e v e lo p m e n t  would  influence evapo t ransp i ra t ion  rates .  Dai ly  w a te r in g  
schedules  o f ten  do not take in to  account  the rainfall  c o n t r ib u t io n  to the 
soil  w a te r  s tatus.  O ver i r r iga t ion  of peach t rees  with t r ick le  i r r iga t ion  
r e su l ted  in dead roots  in the  cen te r  p o r t ion  of the wet ted  volume,  with con- 
c o n c o m i ta n t  p ro l i fe ra t io n  of  roots at the pe r iphery  (140).  S a tu ra te d  c o n ­
d i t ions  always resul ts  in low soil O 2 . T ree  species can vary in th e i r  response  
to s a tu ra ted  soil condi t ions ,  P in  oak and sycamore t rees  were adversely  a f ­
fec ted  by s a tu ra ted  soil condi t ions  whereas  tupe lo  gum t rees  p ro d u ced  
m ax im um  growth  in sa tu ra ted  soil (27).  G re e n  ash grew equally  well in 
s a tu ra te d  soil  and u n d e r  a m ois tu re  equ iva lent  reg ime.
Not  much in fo rm at ion  exists on the effects of  i r r iga t ion  on R G P ,  a l ­
th o u g h  one  would  suspect tha t  given an increase  in f ibrous  ro o t  c o n te n t  
one  would observe a co r respond ing  increase  in R G P  with i r r iga t ion .  R o o k  
(101) d e t e r m in e d  tha t  seedlings  subjec ted  to w ate r  s tress ing  for  6 weeks 
p r io r  to l i f t ing  had an increased  R G P  response  c o m p ared  with u ns t res sed  
c o n t r o l s .  T h is  r e sp o n se  was a t t r i b u t e d  to im p ro v ed  p l a n t  m o i s tu r e  
ba lance ,  appa ren t ly  resu l t ing  f rom  g rea te r  s tom ata l  con t ro l  in the  s t ressed  
seedl ings .  W a te r  stress at o th e r  t imes of  the year  could possibly reduce  
p h o to sy n th a te  p ro d u c t io n  and decrease  the R G P  response  the  following 
spring.
root restriction and pruning roots
A nursery  t r e e ’s root  system is drastically reduced  w hen  ha rves ted ,  and 
conseq u en t ly  the  am o u n t  of  soil exploited  to gain w a te r  and n u t r ie n t s  is 
r educed  to only a small f rac t ion  of  what  it was when un d is tu rb ed  in the 
n urse ry  (38,131).  To maximize survival, a favorable  roo f . shoo t  ra t io  must
be re-es tab l ished  rapidly. R o o t  re s t r ic t ion  and root  p run ing  are a t t em p ts  
a t  increasing  the am oun t  of absorb ing  roots moved with t ra n sp lan ted  
t rees .  Since only a small p o r t io n  of  roots  is moved with a s tanda rd  sized 
roo t  ball ,  a re la t ively  small increase in root  surface area could easily double  
or  t r ip le  the absorb ing  surface  in the root  ball (127).  This  would mean a 
g rea te r  capacity for  water  abso rp t ion  and a po ten t ia l  for increased  survival 
and reduced  t ransp lan t ing  shock.
R o o t  res t r ic t ion  of ten  resul ts  in decreased  p lant  growth (47,103).  The 
anc ien t  ar t  of bonsai  uses roo t  res t r ic t ion  and p run ing  to aid in dwarfing 
p lan ts  (144).  R educ ed  t ra n sp o r t  and /o r  synthesis of g ibbere l l ins  and 
cy tokin ins  may be par tly  responsib le  for the r e ta rded  shoot  growth o b ­
served  in root-  r es t r ic ted  p lants  (18).  Root  res t r ic t ion  has also been  found 
p re fe ren t ia l ly  to reduce the  relat ive am ount  of ass imilate  a l loca ted  to the 
leaves  and increase tha t  a l located  to the root of the to m a to  p lan t  (103).  
T h e  roo t :shoo t  ra t io  of  p lan ts  grown in smaller  con ta ine rs  is genera l ly  
g r e a te r  than  that  of  p lants  grown in large con ta iners  (47,103).  It is diff icul t  
to separa te  the effects  o f  water  s tress  and fert i l i ty  f rom the  effect of  the 
m ore  conf ined  roo t  volumes imposed by root  res t r ic t ion .  Kr izek  et  al. (66) 
a t t r ib u te d  the increase in roo t : shoo t  ra t io  of  soybean p lan ts  to increased  
w a te r -s t re ss  and not  roo t  res t r ic t ion .  An extens ive  root  system is not  
necessary  for  op t im u m  p lan t  growth if a p lan t  can ob ta in  ad eq u a te  w ate r  
and  n u t r ien t s  from a res t r ic ted  zone (119). However ,  crops with res t r ic ted  
roo t  systems are vu lnerab le  to w ate r  s tress  should ra infall  o r  an i r r iga t ion  
system fail.
In his eva lua t ion  of  fabric barr ie rs ,  van de W erk en  (125,126) found 
tha t  none suppressed  top growth of  Koelreuteria bip innata . He concluded
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tha t  a strong,  weld-woven,  synthet ic  fabric with holes  of  less than  .05 in 
(1 .27mm),  but  no less than  .02 in ( .5mm),  may serve as an ef fect ive root  
b a r r i e r  for  p roduc t ion  o f  pre-  bal led nursery stock. These  specif ica t ions  
would  not allow for p e n e t r a t i o n  by large roots,  and small p e n e t r a t i n g  roots  
would be gird led when they increased in size. In 1983 R e ige r  and W h i t ­
c o m b  (95 )  r e p o r t e d  on  a s p u n - b o n d e d  f a b r i c  w i th  a d isk  o f  6 -m i l  
po lye thy lene  placed in the  b o t tom  of  the hole.  W hi tcom b  (137) r e p o r t e d  
f u r th e r  advancem ents  of the  fabric roo t- res t r ic t ing  c o n ta in e r  in 1985, and 
suggested an increased ca rbohydra te  reserves  in s tem and roots  of  t rees  
grown in fabric con ta iners  com pared  with those grown withou t  fabric  b a r ­
r iers.
W h i tcom b  (137) argued tha t  fabric  root  ba r r ie r s  increased  the p o r t io n  
of  total tree  roots  harvested,  decreased  cost and seasonal  cons t ra in ts  of 
c o n v e n t io n a l  t re e  harves t ing ,  and en h a n c e d  t ree  e s ta b l i s h m e n t  in the 
landscape .  Claims of up to 80% or m ore  of the p lan t ' s  root  system being  
r e ta in ed  by the fabric bag (137) and qu icker  root  r eg en e ra t io n  (136) fo l­
lowing t ra n sp lan t in g  have been  made,  yet these f igures have not been  sub­
s t a n t i a t e d  with  r e p l i c a t e d  e x p e r i m e n t s  i n c lu d in g  c o n v e n t i o n a l  B&B 
(ba l led  and bu r lapped )  p lants  for com para t ive  purposes .
A n u m b er  of  rec en t  s tudies  with fabric  bar r ie rs  were  in i t ia ted  and con-" 
e luded  while this study was in progress  (20,55,56,120.121.143).  Chong  et 
al. (20) evalua ted  the ef fect  of fabric con ta iners  on the growth of Populus 
deltoides  x nigra. U n ro o te d  hardwood cut tings  were grown in .6, 2.4, 6.0, 
and  14.0-1 fabric con ta ine rs  inse r ted  in 3, 6, 12, and 24-1 plast ic  nursery 
con ta ine rs ,  respect ively . C on tro l  p lan ts  were grown only in plast ic  co n ­
ta in e rs  w i thou t  fabric con ta iners .  Re la t ive  p ro p o r t io n s  of roots  in year-
old pop la r  t rees  re ta ined  within  the fabric co n ta in e r  ranged from 33.6% 
to 66.4%, for the .6-1 to 14.0-1 fabric conta iners ,  respectively. Overall  root 
growth was less for  p lants  grown in fabric con ta iners  when com pared  to 
contro ls ,  but no d ifferences  were found in top growth. Roots  ou ts ide  the 
fabric  co n ta in e r  con ta ined  m ore  N, P, & K than roots  inside the fabric co n ­
ta iner .  Soluble sugar and s tarch  concen t ra t ions  of  roots  were g r e a te r  in ­
side the fabric con ta iners  than in roots  outside the fabric mesh. One 
l im i ta t ion  of  this study, however ,  was tha t  the outside volume did not allow 
for  u n res t r i c ted  root  expansion,  and th e re fo re  may not be rep re se n ta t iv e  
of  actual field condit ions.
Ingram  et al. (55) m a in ta ined  tha t  the effects  of fabric c o n ta in e r s  for 
field p roduc t ion  on growth and the po r t io n  of the total root  system h a r ­
vested ap p ea red  to be species  dep en d en t .  O f  the seven species  tes ted ,  only 
live oak and sweet  gum roots  in the  "harvest zone" were  increased  with 
fabric  con ta iners .  Live oak p lan t  he igh t  and to tal  ca rbohydra te  c o n te n t  of 
live oak and magnol ia  p r im ary  root  samples  were increased by the fabric 
co n ta in e r .  Total ca rbohydra te  co n ten t  of  sweetgum roots was decreased  
by fabric  con ta iners .  Roo t  weights  were also ob ta ined  f rom outs ide  the 
harvest zone to d e te rm in e  to tal roo t  weights,  but this only involved a p a r ­
t ial  excavat ion (90 cm dia x 36 cm dep th )  of  the root  system and is of  
l im i ted  value.
R o o t  p run ing  studies  on small seedl ings  in the nursery have shown sub­
s t a n t i a l  i m p r o v e m e n t s  in the  r o o t : s h o o t  b a la n c e  of  l i f t e d  s e e d l in g s  
(16,102,115,116).  R o o t  p ru n in g  of landscape-s ize s tock 5 years  before  
t r a n sp lan t in g  increased the n u m b er  of roots  and the am o u n t  of root  su r ­
face area  in the root ball, but  reduced top growth (127).  The  to ta l  surface
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a r e a  o f  t h e  r o o t  p r u n e d  t r e e s  was i n c r e a s e d  f r o m  122 ,000  cm* to  
245.000 cm*. The root  ball  o f  p runed  t rees  con ta ined  11.8% of the  to tal  
root  system com pared  to 5.8% in root  balls of  u n p ru n ed  plants .  T h e  root 
ball  was cut 8 inches beyond the poin t  of  root  p runing ,  since r e g e n e ra te d  
roots  o r ig ina te  f rom callus t issue fo rmed near  the cut end (130).  G i lm a n  
and Y eager  (40) d e te rm in e d  that  fibrous root weight  was s ignif icantly  in ­
creased  in ro o t -p ru n e d  live oak trees,  and tha t  a l though  r e g e n e ra te d  roots  
te n d e d  be c o n c e n t r a ted  n ea r  the root  p ru n ed  ends,  they o r ig in a te d  in all 
a reas  of the roo t  ball.  It is suggested tha t  root  p ru n in g  be done  a f te r  p lan ts  
have co m p le ted  a flush of  growth and when the re  is ad eq u a te  supply of  soil 
m o i s tu r e  (24).  The  exact  t im ing  of  roo t  p r u n in g  is p robab ly  closely 
a l igned  with the R G P  response  of each t ree  species  and th e r e fo r e  ad d i ­
t iona l  re sea rch  is r eq u i red  to d e te rm in e  the o p t im u m  season and  in terva l  
b e tw e e n  roo t  p ru n in g  and harvest .  G e is le r  and F e r re e  give an in d ep th  
review of  the  response  of  p lan ts  to root  p run ing  (35).
fertilizer
Most  of  the cu r re n t  fer t i l i ty  research  with nursery  field p r o d u c t io n  has 
i n v e s t i g a t e d  t h e  e f f e c t s  o f  n i t r o g e n  r a t e s  o n  t r e e  t o p  g r o w t h  
(29,88,89,142) .  N i t ro g e n  app l ica t ion  ra tes  com m only  inves t iga ted  range 
f rom  50 to 300 lbs N/A. In actual field p ro d u c t io n  n u r se ry m en t  normally  
apply 150 lbs N/A to 300 lbs N/A. The  reason  the em phas is  has b e en  on 
n i t ro g e n  at those app l ica t ion  ra tes  is pr imar ly  a resu l t  of obse rva t ions  o b ­
ta in e d  with e s tab l ished  shade  t ree  studies .  T hese  s tudies  are  d o c u m e n te d  
in a review by van de W e rk e n  (123,124),  and they  lead to the following co n ­
clusions:
1) N is the most important and often the only nutritional element inducing 
accelerated growth of established shade trees.
2) Surface broadcasting is the most effective application method of nutrients.
3) Fertilizer applications should be based on the radius of the root system.
4) Beneficial application rates of N were found to be between 100 and 
400 lbs/A.
5) Broadcast application of a slow-release complete fertilizer is beneficial on 
phosphorus deficient soils.
Many of  the  nursery  field s tudies  have not  d e m o n s t r a t e d  subs tan t ia l  
d i f fe rences  in p lan t  he igh t  or  p lan t  t runk  ca l iper  as a f fec ted  by h ig h e r  N 
levels  (56,88,120,142),  or f e r t i l i ze r  fo rm u la t io n  (21,56) .  I n c reas in g  N 
f rom  150 to 300 lbs/A actual ly  decreased  1st and 2nd year  p lan t  he igh t  and 
p lan t  t ru n k  ca l ipe r  of  red  maple  (142).
Due to the l imi ted  top growth response  of  nursery t rees  to f e r t i l ize r s  
the  effects  of  m inera l  fe r t i l ize rs  on root  growth has o f ten  b e e n  ignored .  
P o u n d e r  et  al. (88) d e m o n s t r a t e d  tha t  applying 180 lbs N/A re su l ted  in the 
g r e a te s t  c o n c e n t r a t io n  of roots  with in  the  root  ball  of  red  m aple  t rees  and 
had  l i t t le  af fect  on top growth.  T he  increase in roots  was mainly  due  to 
the p re sen ce  o f  la rger  quan t i t ie s  of  pr imary  and secondary  roots .  G ou g h  
(42) found  that the root  balls of b lueber r ie s  p lan ts  were  m ore  dense  on 
the  fe r t i l ized  side than  on the  unfer t i l ized  side. Studies  with f ru i t  t rees  
have also showed s imilar  resul ts  (5,108). O v er fe r t i l i za t io n  with n i t rogen ,  
however ,  can reduce  the c o n ce n t r a t io n  of  feed e r  roots  in the p r inc ipa l  
r o o t in g  zone  of  cit rus  t rees  (34).
R esu l t s  f rom pine  seed l ing  research  showed tha t  w hen  seed l ing  n u t r i ­
t ion  is m an ipu la ted  in the nursery a large shoot growth response  is a c co m ­
p an ie d  by only a re la tively  small response  in the root  system, par t icu la r ly  
in re la t io n  to the root  num ber ,  d i s t r ibu t ion  and length  of  d i f f e re n t  roo t  
m em b e r s  (81).  Consequent ly ,  high fert i l i ty  in the nursery can lead to an 
u n d es i r ab le  roo t tshoo t  ra t io  in seedlings.  N i t rogen  fe r t i l iza t ion  has also 
b e e n  showm to affect mvcorrhizal  fo rm at ion  negatively (79).  The o b se rv a ­
t ion  tha t  high soil fer t i l i ty  decreases  mycorrhizas  has pract ica l  im p l ica ­
t io n s  because  the  ra tes  o f  f e r t i l i ze r s  used in nursery  p r o d u c t io n  are  
genera l ly  high (81).  Mycorrhizas  can be cons ide red  as an extens ion  of  the 
ro o t  ne tw ork  and the i r  ab u ndance  on seedlings  grown u nder  low fert i l i ty  
w'ould com p en sa te  to a large ex ten t  for any increase  in to ta l  root  leng th  
f rom  h ig h e r  fert i l i ty  levels.
other factors
T o p  p ru n in g  will reduce  roo t  growth e i th e r  by reduc ing  pho tsyn thes is  
o r  by d ive r t ing  h o rm o n e s  and carbohydra tes  to the shoots  (64).  R e d u c in g  
the  pho to sy n th e t ic  surface  is und e rs i rab le  except  for those t imes  when 
w a te r  conse rva t ion  (64), or  m a in ten an ce  of p lan t  form is m ore  im p o r ta n t  
(134).  W h i tcom b  (134,135) m ain ta ins  tha t  good s tem ta p e r  is favored by 
th e  p re sen c e  of lower branches ,  and they consequent ly  should  be r e ta in e d  
unt i l  one year  before  harvest t ime.  Removal  of  lower limbs is usually ac ­
com p l ish ed  dur ing  the d o rm a n t  season.
T rees  should  always be spaced to allow for good growth and d e v e lo p ­
m e n t  re la t ive  to the t ime o f  harvest.  T rees  expected to be harves ted  w hen  
they  have a two- inch ca l iper  are proper ly  spaced be tw een  30 and 48 inches, 
while  p r o p e r  spacing for th re e - in ch  cal iper  t rees  is be tw een  60 to 84 in ­
ches (135).  O rchard  tree roots  at  h igher  p lan t ing  dens i t ies  make g r e a te r  
use of  the  subsoil  at a much ea r l ie r  age than wider  t ree  spacings (6).
R o o t  growth is res t r ic ted  by low soil oxygen supply (42) and m e c h a n i ­
cal im pedance  due to soil  com pact ion  (7,39,85). Some genera l  bulk  d e n ­
s ities  (g/cc) tha t  will im pede  root  growth in moist  soil are 1.55 for  clay 
loams, 1.65 for silt  loams, 1.80 for sand loams, and 1.85 for loamy sands 
(13).  Soil com pac t ion  can result  in reduced  root  d ev e lo p m en t  in lower soil 
p ro f i les  (39).
Effects of transplanting practices on expression of root growth potential.
P ro p e r  nursery  cultu ra l  pract ices  can greatly enhance  R G P  in nursery 
t rees ,  yet im p ro p e r  hand l ing  and t ransp lan t ing  in unsa t is fac tory  soil co n ­
d i t ions  will subsequent ly  reduce  RG P.  P ro p e r  p re p a ra t io n  of the p lan t ing  
site is im pera t ive  to p rov ide  a favorable  e n v i ro n m e n t  for  root  g rowth  a f te r  
t ran sp lan t in g .  Watson (128) m ain ta ins  tha t  r educ t ion  of the sever ity and 
d u ra t io n  of  p lan t  stress following t ra nsp lan t ing  can be achieved by m odify­
ing the  p lan t in g  hole to encourage  fine roo t  dev e lo p m en t  in the shallow, 
well a e ra ted  back fill soil. This can be accomplished  by en la rg ing  the top 
of the  hole  (39,51) and progressively  s loping the sides towards  the base  of 
the roo t  ball  at a m ore  ob l ique  angle (128).  Since the d ia m e te r  of  the hole 
decreases  with depth ,  e f fo r t  is co n cen t ra ted  in the u p p e r  soil layers which 
are  most  favorable  for roo t  growth.
Soil w a te r  can of ten  be excessive and oxygen unavai lab le  in suff ic ient  
q u an t i t ie s  to support  root  growth  (9). P lan t ing  in dense  com pac ted  soils 
will allow for  easy w ater  in f i l t ra t ion  into the back fill soil with it abrup t ly  
slowing down at the subsoil-  back fill in terface .  The  p lan t ing  hole can b e ­
com e w a te r - lo g g ed  and suffoca te  the roo t  system. H a m m e r s c h la g  and
P a t t e r s o n  (46) reco m m en d  placing the  root  ball on a pedes ta l  of com pacted  
soil  to avoid sett l ing, and to elevate  the root ball  out  of  the wet soil at the 
b o t to m  of the  hole.
L im ited  avai lable  soil w ater  is of ten  the p ro b le m  on w e l l -d ra ined  p l a n t ­
ing sites and areas with li t t le rainfall .  B a rn e t t  (8) d e m o n s t r a t e d  th a t  max­
im u m  e s t a b l i s h m e n t  an d  p l a n t  g ro w th  a re  o b t a i n e d  w i th  f r e q u e n t  
i rr iga t ions .  La te ra l  root  ex tens ion  made 14.3-1 of w ate r  avai lable  to f r e ­
quen t ly  i rr iga ted  (every 5th day) p lants ,  com pared  to only 6.5-1 for  the in ­
f requen t ly  i r r iga ted  (every 10th day) plants .  C ond i t ions  leading  to w ate r  
s tress  are avoided by f req u en t  i r r igations,  and the root  systems will expand 
rapid ly  making  m ore  wate r  available  to the p lan t  in o rd e r  that  the  in te r ­
vals b e tw een  i rr iga t ions  can be leng thened .
Circ l ing  and g irdl ing roots  are suspected of s tun t ing  growth  and in ­
c reas ing  suscept ib i l i ty  to wind b reakage  and blowdown (43,44,122).  To 
co r rec t  this p ro b le m  it is o f ten  suggested that the root  ball be d is tu rbed  
by cu t t ing  and "butterflying" (43,44).  In contras t ,  most of the  data  ob ta in ed  
f rom  t ran sp lan t  s tudies  have found, tha t  g i rd l ing  has not  b een  d e t r i m e n ­
tal to the early growth  of  trees,  and d is tu rb ing  roots  is no t  benef ic ia l  
(3,12,68,139).  L ong- te rm  growth  of Norway maple  t rees  was not  a f fec ted  
by g ird l ing  roots  (118).  C o m par ison  of  to tal  heights,  crown d ia m e te r s  and 
d ia m e te r  (at b reast  he igh t)  showed no signif icant  d i f fe rence  in a ccu m u ­
la ted  growth over  the 50-year life span of  g ird led and non-g ird led  trees.
A dd i t ion  of soil am e n d m en ts  to the  back fill soil, and top p ru n in g  of 
t rees  at the t ime of  t ransp lan t ing  are still commonly  prac t iced  by many 
landscapers .  R esea rch  in this area has ind ica ted  tha t  t rad i t iona l  backfi ll
a m e n d m e n ts  are not  necessary (22,36,57,58) and severe p ru n in g  o f  t re e  
tops  will repress  roo t  growth (37,54,70).
T re e  size can have a p ro found  af fect  on the d u ra t io n  of  t r a n sp la n t in g  
s tress  and the length  of  t ime necessary to replace  tha t  por t ion  of  the root  
system lost dur ing  t ra n sp lan t in g  (1,127).  Fol lowing t ransp lan t ing ,  four-  
inch d ia m e te r  t rees  will exhibi t  slow growth,  and sm al le r  1 inch to 3 inch 
t rees  t ra n sp lan ted  at the same t ime,  will o f ten  surpass  or equal  the la rge r  
t rees  in growth .  R o o t  r e g e n e ra t io n  occurs la tera l ly  from the p e r i m e te r  of  
the  root  ball , and growth ra te  of  re g e n e ra te d  roots  is essent ia l ly  the same 
for  bo th  large and small  u ns t res sed  t rees  of  t ran sp lan tab le  size. By crop 
m odel ing ,  W atson  (127) d em o n s t r a t e d  tha t  a 4 inch d ia m e te r  t r e e  will 
rep lace  its or ig inal  root  system in less than  five years  assuming 18 inches  
p e r  year  la te ra l  root g rowth  and 2% of  the or ig inal  soil root  volume 
re t a in e d  a f te r  t ransp lan t ing .  A f te r  five years,  the r e g e n e ra te d  roo t  system 
o f  a 10 inch d ia m e te r  t ree  will be only 25% of  its or ig inal  size, and the t re e  
rem a in s  s tressed.  A p e r io d  of  13 years or m ore  is requ i red  to res to re  the 
or ig ina l  ba lance  o f  the  10 inch tree .
Materials and Methods
F o u r  field s tudies  with  fabric  field con ta ine rs  were conduc ted  at B u r ­
den  R e se a rc h  P lan ta t ion ,  Louis iana  State  University  A gr icu l tu ra l  C en te r .  
B a to n  R ouge ,  LA in a f ine-s i lty ,  mixed th e rm ic  aquic , F r a g u id a l f  soil 
(O l iv ie r  silt loam).  Soil analysis of  the ex p e r im en t  site ind ica ted  the fo l­
lowing ini t ia l  n u t r i e n t  levels (ppm): P, 29; K, 84; Ca, 1084; Mg, 303; o r ­
ganic m a t te r ,  0.6%; and a soil  w a te r  pH  of  5.9 (14).
T h e  fo u r  s tud ies  ev a lu a te d  the  fo l lowing  t r e a t m e n t  c o m b in a t io n s :  
Expt. 1, P ro d u c t io n  m ethods  and i r r iga t ion;  Expt. 2, F e r t i l i z e r  fo rm u la t io n  
and  i r r iga t ion ;  Expt. 3, F ab r ic  field c o n ta in e r  size, i r r iga t ion ,  and f e r t i l ize r  
a p p l ica t ion  m ethod ;  and Expt. 4, Ra te  of  slow re lease  fe r t i l ize r .  U n i fo rm  
3.8-1 (1 gal.)  co n ta in e r -g ro w n  liners  of  A cer rubrum  ( red  maple) ,  Betula  
nigra ( r iver  birch),  Pinus E llio tti (slash p ine) ,  Quercus virginiana  ( live oak) ,  
and  Taxodium  distichum  (bald  cypress) were  t ra n sp la n ted  in each  o f  the 
s tudies .  T ree s  were spaced 1.22 m (4 ft) with in  and 1.83 m (6 ft) be tw een  
rows [4,485 t re e s /h a  (1,815 t rees /A)] .  All t rees  were  p ru n e d  to a single 
t ru n k  except B etula  nigra which was m a in ta in ed  as a m u l t i - t ru n k  with  th re e  
s tems.
P r e - e m e r g e n t  con tro l  of weeds was accom plished  by a d i rec t  spray a p ­
p l ica t io n  of  O rvzal in  4AS ( su r f l a n 1) at a ra te  of  2.2 kg a i /ha (2 lb ai /A) in 
A pr i l  and  July  of every year .  P r io r  to p r e -e m e rg e n t  app l ica t ion ,  all exist ing
1 E lanc o  Products  Co.,  Lafayet te ,  LA
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weeds were  rem oved  by a d i rec t  spray app l ica t ion  of P a r a q u a t2 at a ra te  of
0.6 kg ai /ha  (0.5 lb ai/A), and a f te r  suff ic ient  weed d ea th  occur red  the  soil 
was lightly ti l led be tw een  rows. A few lower  b ranches  of  each t ree  were 
rem oved  p r io r  to the  July 1986 and July 1987 spraying to aid with a p p l ica ­
t ion  of  herb ic ides .
Tr ick le  i r r iga t ion  was ins ta l led  8 May, 1985 using two pressure  c o m p e n ­
sa t ing  e m i t te r s  [1.9-1 (0.5 g a l ) /h r /em i t te r ]  p laced  15.2 cm (6 inches)  on 
each  side of the  tree  t runk .  W a te r  was app l ied  to each t ree  at a ra te  of 1.9- 
1 (0.5 gal) every 2 days (May 1985), 4.7-1 (1.25 gal) every 3 days ( June  1985 
th ro u g h  May 1986), 7.7-1 (2.0 gal) every 3 days ( June  1986 to N o v em b er  
1986), and 11.4-1 (3 gal) every 3 days (M arch  1987 to Nov. 1987). P lan t  
canopy d ia m e te r s  of  0.45, 0.61, 0.76, and 0.91 m ete r s  (1.5, 2.0, 2.5, and  3.0 
ft) were  used to ca lcu la te  w a te r  app l ica t ion  ra tes  of 100% of  ne t  pan 
e v ap o ra t io n  [0.5 cm (0.2 in)/day] as o u t l ined  by Shepersky  (105).  I r r ig a t io n  
was not  app l ied  for  two i r r ig a t io n  cycles if cumula t ive  ra infa l l  exceeded  
2.54 cm( 1 in) and for  one i r r ig a t io n  cycle if accumula t ive  rainfal l  exceeded 
1.27 cm (0.5 in) for  the pe r iod  p re c ee d in g  an i r r iga t ion .  The  i r r iga t ion  
cycle was delayed up to 1 day w hen  the re  was a th re a t  of ra in  on the 
s chedu led  i r r iga t ion  day, or  when p rec ip i ta t io n  was less than  1.27 cm 
(0.5 in).  I r r ig a t io n  was no t  app l ied  f rom  Dec th ro u g h  Feb  and a f te r  Nov, 
1987. O v erh ead  i r r ig a t io n  [1.3 cm (0.5 in)] was appl ied  to all t rees  on 28 
May, 1985 and 28 June ,  1985 to assure survival of n o n - i r r ig a ted  t rees .  I r ­
r iga t ion  and ra infa l l  da ta  a re  p r e se n ted  in Tables  1, 2 and 3.
2 O r th o  , Chevron  C hem ica l  Co., M emphis ,  TN
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E xperim ent 1. T h re e  p lan t  p roduc t ion  methods:  flat bed, raised bed, 
and flat  bed with 46 cm (18 in) d ia m e te r  fabric F ie ld -G row  co n ta in e rs  
( R o o t  C on tro l ,  Inc.,  O k la h o m a  City, OK) were placed with in  t r ick le  i r ­
r iga ted  and no n i r r ig a ted  plots.  Five species were  t ra n sp lan ted  on 17 April .
1985. The  expe r im en ta l  design was a spl it -spl it  p lo t  with 5 rep l ica t ions  and 
two single t ree subsamples .  I r r iga t ion  t re a tm e n ts  comprised  the main  
plots,  with p lan t ing  m ethods  as the sub-plots ,  and species as the  sub- su b ­
plot.  P lan t in g  holes  [33 cm (13 in) depth]  for the flat bed and fabric  field 
c o n ta in e r  t r e a tm e n t s  were p rep a re d  using a 46 cm (18 in) d i a m e te r  auger .  
R a ised  beds, were  0.6m (2 ft) wide at the base and 0.3 m (1 ft)  high.  A 13N- 
5 .5P-10.7K (13N-13K20-13P205) g ranu la r  f e r t i l i z e r3 was appl ied  at the  rate 
of  168 kg/ha/vr (150 lb N/A/yr)  divided in to  3 equal  appl ica t ions .  T h e  fe r ­
t i l ize r  was top -d ressed  in a c i rcu lar  p a t t e rn  [30 cm (12 in) d iam e te r ]  a round  
each  t re e  in Apri l ,  Ju n e  and August.
T ru n k  ca l iper  (at 15.2 cm heigh t)  and p lant  he igh t  m e a s u rem en ts  were  
m ade  du r ing  the week o f  16 April ,  1986 (1 year)  and 16 Apr i l ,  1987 (2 
years) .  All t rees  were  harves ted  on 16 April ,  1987. T rees  f rom  flat and 
ra ised bed t r e a tm e n ts  were ex tracted  from the soil with a 61 cm (24 in) t ree  
spade [(65.1-1) 2.3 f t3] th e n  ba l led  and bu r lapped .  T rees  in fabr ic  field con-
*3
t a in e rs  [(53.8-1) 1.9 ft ] were  harvested  with  a 81 cm (32 in) t ree  spade and 
the  soil s u r ro u n d in g  the fabric  co n ta ine r  was manual ly  removed .  B & B 
t rees  were  p laced  in a pro tec t ive  wire basket .  O ne  t ree  sub-sam ple  of  each 
rep l ica te  was sacrif iced to ob ta in  roo t  dry weights  and a root  r a t ing  wi th in  
the  harves ted  root  ball.
3 Bonus  C rop  Fer t i l ize r ,  Inc., Houston ,  TX
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The  o th e r  t ree  sub-sample  was t ra n sp o r ted  to an o u td o o r  l im es tone  bed 
a rea  with  overhead  i r r iga t ion  and m ain ta ined  in full  sun for  30 to 35 days, 
a f te r  which t ime it was t ran sp lan ted  into a 114-1 (30 gal) c o n ta in e r  and ex­
t rac ted  60 days la te r  to d e te rm in e  root  growth po ten t ia l .  F ab r ic  fie ld c o n ­
ta ine rs  were removed  p r io r  to t ransp lan t ing .  T rees  were  i r r iga ted  every 
o th e r  day with 1.3 cm (0.5 in) of  water  th rough  low volume spray em i t te r s .  
Only those new roots  growing into the ar t if icial  m ed ium  were  harves ted ,  
washed and dry weights  d e te rm in e d .  The  m ed ium  consis ted  of  100% pine  
bark  am en d e d  with 1.19 kg N /m 3 (2 lb N/yd3) of  O s m o c o te 4 18N-2.5P- 9.9K 
( I 8 N -6 P 2O5- I 2 K 2O), 3.56 kg /m 3 ( 6  lb/yd3) do lom ite ,  and 0.89 kg /m 3 (1.5 
lb/yd3) M icrom ax4.
E xperim ent 2. Five t ree  species  were t ran sp lan ted  to 46 cm (18 in) 
d i a m e te r  fabric  field con ta ine rs  on 17 April ,  1985. F o u r  f e r t i l i z e r  t r e a t ­
ments :  O sm oco te  17N-2.9P-9.9K ( I 7 N-7 P 2O5- I 2 K 2O); O s m o c o te  24N- 
1.7P-5.0K (2 4 N -4 P 205-6K20); W oodace 14N-1.3P-2.5K (1 4 N -3P 205-3K 20) 
b r i q u e t t e s ;  a n d  an i n o r g a n i c  1 3 N - 5 . 7 P - 10 .7K  ( 1 3 N - 1 3 P 2O5 - I 3 K2 O) 
g ra n u la r  f e r t i l i z e r  were p laced  within  tr ickle i r r iga ted  and no n - i r r ig a ted  
plots .  T h e  exper im en ta l  des ign  was a spli t- spl i t  plot  with six rep l ica t ions .  
I r r ig a t io n  t r e a tm e n ts  com pr ised  the main plots,  with species  as the  su b ­
plo ts ,  and f e r t i l i ze r  t r e a tm e n ts  as the sub-sub-plots .
F e r t i l i z e r  was appl ied  to provide  for a yearly n i t ro g en  re lease  ra te  of
168.5 kg/ha (150 lb/A). The  g ranu la r  fe r t i l ize r  was appl ied  as in Expt. 1. 
T he  slow re lease  fe r t i l ize rs  were  banded  5 cm (2 in) below the  surface in 
a c i rcu la r  p a t t e r n  [30 cm dia.  (12 in. dia.)] a round  each t ree  du r ing  the
4 S ie r ra  C hem ica l  Co.( Milpitas ,  CA
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t ra n sp la n t in g  of l iners .  O sm oco te  24-4-6 and W oodace  14-3-3 have a l o n ­
gevity of  18 m onths  so th e i r  n i t rogen  app l ica t ion  rates  were inc reased  by
1.5 t imes  to provide  for the same an t ic ipa ted  yearly n i t rogen  re lease  as the 
12 m on th  Osm ocote  17- 7-12. The same fe r t i l ize r  rates  were  re -app l ied  for  
O sm o c o te  17-7-12 on 20 Feb,  1986 and for the W oodace  14-3-3 and O s ­
m oco te  24-4-6 fe r t i l ize rs  six m onths  la te r  on 20 Aug, 1986. O sm o c o te  f e r ­
t i l izers  were  re-appl ied  to two dibbles  p laced 15 cm (6 in) on e i t h e r  side of  
the  t ree ,  w hereas  the Woodace  fe r t i l ize r  r equ i red  four d ibbles  p laced  15 
cm (6 in) from the tree ,  one in each quadran t .
Actual  app l ica t ion  ra tes  for the slow re lease  fe r t i l ize rs  were  221 g/ t ree ,  
234 g/ t ree ,  and 402 g / t ree  (25 b r iq u e t te s / t r e e )  for  O sm o co te  17-7-12, O s ­
m oco te  24-4-6 and W oodace  14-3-3, respectively. The g ran u la r  f e r t i l i z e r  
was app l ied  at a rate  of 96 g/ t ree ,  th re e  t imes  a year  dur ing  1985 and 1986. 
T r u n k  ca l iper  and p lant  he igh t  m ea su rem en ts  were made d u r in g  the  w eek  
o f  16 Apri l ,  1986 (one year)  and 16 Apri l ,  1987 (two years).
E xperim ent 3. Two fabric  field co n ta in e r  sizes: 46 cm (18 in) d ia m e te r
by 33 cm (13 in) d ep th  [53.8-1 (1 .9f t3)] and 61 cm (24 in) d ia m e te r  by 38
'1
cm ( lo  in) d ep th  [110-1 (3.9 ft")] were p laced  w i th in  tr ick le  i r r ig a ted  and 
n o n - i r r ig a te d  plots.  Five t ree  species were  t r a n sp la n te d  to the fabr ic  field 
c o n t a i n e r s  24 A pr i l ,  1985 and  O s m o c o te  17N-2 .9P-0 .9K  (1 7 N -7 P :0 5 -  
1 2 K 2O) was top-d ressed  and  dibble  app l ied  at a ra te  of  168 kg N/ha (150 
lbs N/A). F e r t i l i z e r  was reapp l ied  at the same rate  on the  week o f  16 Apri l ,
1986. No fu r th e r  app l ica t ions  were made  af te r  this da te .  The  d ibble  t r e a t ­
m en ts  were  appl ied  as in Expt. 2, and the top-dressed  t r e a tm e n t s  as in Expt.
1. The  exper im en ta l  des ign  was a spli t -spl i t -spl i t  p lo t  with six rep l ica t ions .  
I r r ig a t io n  t re a tm e n ts  com prised  the main  plots,  with fabric c o n ta in e r  size
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as the sub-plots,  species as the sub- sub-plots ,  and f e r t i l i z e r  app l ica t ion  
m e th o d  as the sub-sub-sub plot .  T ru n k  ca l iper  and p lan t  he igh t  m e a s u re ­
m en ts  were made dur ing  the  w eek  of 16 Apri l ,  1986 (one  year) ,  16 April ,  
1987 (2 years),  and 16 April ,  1988 (3 years) .  R o o t  dry weights  were  d e t e r ­
m ined  on 16 Apri l ,  1988 (3 years) for harvested  roo t  balls  of Pinus E llio tti 
(slash p ine )  and A cer rubrum  ( red  m aple)  f rom t r e a tm e n ts  with d ib b le -a p ­
p l ied  fe r t i l ize r .
E xperim ent 4. F o u r  ra tes  of  O sm oco te  17N-2.9P-9.9K (17N-7P205- 
12K20): 84 kg N/ha (75 lb N/A), 168 kg N/ha (150 lb N/A), 252 kg N/ha 
(225 lb N/A), and 336 kg N/ha (300 lb N/A) were eva lua ted  for  six species  
o f  t rees .  Liriodendron tulipifera  (Tulip  pop la r )  was inc luded  in add i t ion  to 
the  o th e r  five t re e  species.  The  e x p e r im en t  was in i t ia ted  on 29 Apri l ,  1985. 
All t rees  were  p lan ted  in 46 cm (18 in) d ia m e te r  fabric  field co n ta in e rs  and 
t r ick le  i r r iga ted .  F e r t i l i z e r  was d ibble  appl ied  as in Expt. 2 and  r e ap p l ic a ­
t ion  was m ade  du r ing  the week of  16 Apri l ,  1986. The  ex p e r im e n ta l  des ign  
was a com ple te ly  ran d o m iz ed  design with four  f e r t i l i z e r  ra tes  and e igh t  
rep l ica t ions .  T ru n k  ca l ipe r  and p lan t  height  were  m ea su re d  du r ing  the 
w eek  of  16 Apri l ,  1986 and  16 Apr i l ,  1987. S tati s tical analysis  of  resutls  
w ere  p e r fo r m e d  separa te ly  for  each species.
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Table 1. Irrigation and rainfall data for 1985/1986 season (1st year).
Trickle irrigation
No.
applications
Application rate 
1/tree (gal/tree)
Water applied 
1/tree (gal/tree)
Rainfall 
cm (inches)
1985
Apr2 10 ------ .53 ( -21)
May 10 1.89 ( -50) 18.9 ( 5.00) .48 ( -19)
June 8 4.73 (1.25) 37.9 (10.00) 2.36 ( -93)
July 5 4.73 (1.25) 23.7 ( 6.25) 14.10 (5.55)
Aug 2 4.73 (1.25) 9.5 ( 2.50) 18.29 (7.20)
Sept 4 4.73 (1.25) 18.9 ( 5.00) 13.64 (5.37)
Oct 7 4.73 (1.25) 33.1 ( 8.75) 21.84 (8.60)
Nov ........ 10.90 (4.29)
1986
Jan ........ 4.09 (1.61)
Feb 16.00 (6.30)
Mar 7 4.73 (1.25) 33.1 ( 8.75) 6.60 (2.60)
Apr-V 4 4.73 (1.25) _ 18.9 ( 5.001 2.16 . (..,85)
Total 212.9 (56.25)x 112.60 (44.33)
2 April 17 through April 30, 1985. Heavy rainfall on 28 April, 1985 not recorded. 
'  April 1 through April 16, 1986
x Equivalent to 9.55 cm (3.76 in.) supplemental irrigation based on plant area of
2.23 m 2 (24.0 ft2).
Table 2. Irrigation and rainfall data for 1986/1987 season (2nd year).
________________ Trickle irrigation________________
No. Application rate Water applied Rainfall
__________applications 1/tree (gal/tree)______1/tree (gal/tree)______ cm (inches)
1986
A pr2 3 4.73 (1.25) 14.2 ( 3.75) 4.70 ( 1.85)
May 4 4.73 (1.25) 18.9 ( 5.00) 11.35 ( 4.47)
June 1 7.57 (2.00) 7.6 ( 2.00) 18.29 ( 7.20)
July 5 7.57 (2.00) 53.0 (14.00) 6.05 ( 2.38)
Aug 7 7.57 (2.00) 53.0 (14.00) 6.05 ( 2.38)
Sept 8 7.57 (2.00) 60.6 (16.00) 3.40 ( 1-34)
Oct 5 7.57 (2.00) 37.9 (10.00) 11.51 ( 4.53)
Nov 1 7.57 (2.00) 7.6 ( 2.00) 43.94 (11.61)
Dec
1987
■ ----------- 8.00 ( 3.15)
Jan ....................- ------ 30.09 ( 7.95)
Feb 33.31 ( 8.80)
Mar 4 11.36 (3.00) 45.4 (12.00) 12.85 ( 5.06)
Apr-' 4 11.35 (3.00) 45.4 ( 12.001 2.72 ( 1.07)
Total 328.35 (86.75)x 169.95 (66.91)
z April 17 through April 30, 1986 
' April  1 through April 16, 1987
x Equivalent to 14.73 cm (5.80 in) supplemental irrigation based on plant area of 
2.23m2 (24.0 ft2)
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Table 3. Irrigation and rainfall data for 1987/1988 season (3rd year).
Trickle irrigation
No.
applications
Application rate 
1/tree (gal/tree)
Water applied 
1/tree (gal/tree)
Rainfall 
cm (inches)
1987
A prz 5 11.36 (3.00) 56.8 (15.00) 0.00 ( 0.00)
May 4 11.36 (3.00) 45.4 (12.00) 14.25 ( 5.61)
June 2 11.36 (3.00) 22.7 ( 6.00) 27.46 (10.81)
July 4 11.36 (3.00) 45.4 (12.00) 8.99 ( 3.54)
Aug 3 11.36 (3.00) 34.1 ( 9.00) 27.66 (10.89)
Sept 6 11.36 (3.00) 68.1 (18.00) 5.89 ( 2.32)
Oct 8 11.36 (3.00) 90.8 (24.00) 2.95 ( 1.16)
Nov 9 11.36 (3.00) 102.2 (27.00) 1.78 ( -70)
1988
Jan 8.84 ( 3.48)
Feb 34.87 (13.73)
Mar 21.79 ( 8.58)
Apry 9.30 ( 3.66)
Total 465.56 (123.00)x 170.13 (66.98)
z April 17 through April 30, 1987 
- April 1 through April 16,1988
x Equivalent to 30.88 cm (8.22 in.) supplemental irrigation based on plant area of
2.23 m 2 (27.0 ft2).
Results and Discussion
E xperim ent 1. P lan t ing  m e th o d  did not  influence p lan t  he igh t  or  t ru n k  
ca l iper  for  Acer, Pinus, Quercus, and Taxodium  (Table 4). Betula  p lan t  
he igh t  was signif icantly  decreased  by the fabric bag com pared  with  flat bed 
(Table  6).
Tr ick le  i r r iga t ion  had a posit ive inf luence on p lan t  he igh t  and t ru n k  
ca l ipe r  a f te r  one and two years for all species (Table  4). T he  average in ­
crease  in p lan t  he igh t  was 16 cm (6.3 in) and 21 cm (8.3 in) a f te r  one and 
tw'o years,  respectively.  The average increase  in t runk  ca l iper  was only 0.26 
cm (0.1 in.) and 0.35 cm (0.14 in.) a f te r  one and two years, respect ively.  
S im ila r  effects  of  t rickle  i r r iga t ion  on top growth were r e p o r te d  by T i l t  & 
D ic k e r so n  (121).
T h e  ta l les t  species  a f te r  two years was B etu la , whereas  Taxodium  and 
Pinus  p rod u ced  the largest t ru n k  ca l iper  (Table  4). T ru n k  cal ipers  for  
Taxodium  and Pinus  were at least 2.54 cm (1 in.) g re a te r  in d i a m e te r  c o m ­
p ared  with the o th e r  species  a f te r  two years.  Betula  averaged  over  50 cm 
(20 in) g r e a te r  he igh t  than  the o th e r  species,  a f te r  two years.
F ab r ic  bags and tr ickle  i r r iga t ion  increased  the n u m b e r  of  f ibrous  roots  
and  the  root  mass wi th in  the harvested  root  ball (Table  5). In te rac t io n s  
be tw ee n  p la n t in g  m e th o d  and  species were  signif icant for  roo t  dry weigh t  
and roo t  mass density  (Table  6). Significant  increases  in harves ted  roo t  dry 
weigh ts  were ob ta ined  with fabric bag t re a tm e n ts  for Acer, Pinus  and 
Taxodium . Betula  roo t  dry weights  were  not d i f fe ren t  and Q uercus roo t  dry
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weights  were s ignif icantly g rea te r  for fabric  bag and raised bed  t r e a t ­
m en ts .  The  harvested  roo t  zone of the fabric  bag was 17% smal le r  than  
the  B & B t r e a tm e n ts  (flat  bed and raised bed),  yet the average roo t  dry 
weights  were  h igher  for  all species.  Com par isons  of  root  dry weights  based 
on vo lum e  ( roo t  mass density)  showed signif icant increases  with fabric bag 
t r e a tm e n t s  for  all species  (Table  6). Fabr ic  bags resu l ted  in a 65% to 76% 
(A cer), 3 2 %  to 3 9 %  (B etu la ), 9 7 %  to  1 1 0 %  (P inus), 2 5 %  to  80%  
(T axod ium )  increase  in roo t  mass density.  Roo t  ra t ings  for  fabric bag 
t r e a t m e n t s  were s ignif icantly g re a te r  than  B & B t re a tm e n ts .  F ibrous  
roo ts  were increased  with the fabric bag but most  of the increase  in root  
w e igh t  could  probably be a t t r ib u ted  to the increase in p r im ary  root growth 
w i th in  the harves ted  root  ball .
T r ick le  i r r ig a ted  p lan ts  p roduced  s ignif icantly  h igher  root  ratings , 
roo t  dry weights,  and roo t  mass dens i t ies  wi th in  the harvested  roo t  ball  for 
all species  and p lan t ing  m ethods  (Table  5). R o o t  dry weights  were 28% 
h ig h e r  for  i r r iga ted  p lan ts  com pared  to n on - i r r iga ted .  F ibrous  roots  in­
c reased  with i r r iga ted  plants ,  as indicated by the h igher  root  ra t ing .  These  
d a t a  i n d i c a t e  t h a t  t r i c k l e  i r r i g a t i o n  c o u ld  e n h a n c e  s u rv iv a b i l i ty  of  
t r a n sp la n te d  f ie ld-grown trees .  Survival d i f ferences  were not seen a f te r  
t r a n sp la n t in g  but exposure to a m ore  s tressful e n v i ro n m e n t  du r ing  the 
p o s th a rv es t  pe r iod  than  exper ienced  by t rees  in this ex p e r im en t  could 
resu l t  in survival d i fferences .
T he  Betula  harvested  root  ball had the highest  root  dry weights  of all 
species  (Table  5). Pinus and Taxodium  deve loped  the second g rea tes t  roo t  
dry weights .  The f ibrous  roo t  systems of A cer  and Quercus t e n d ed  to  be 
f ragi le  and diff icul t  to m ain ta in  in tact w hen  removing  the soil by washing.
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H a rv es ted  root  dry weights  were  lowest for  A cer  and Quercus but th e i r  ac ­
tual values  w ere  probably  def la ted  m ore  so than  the o th e r  species  due to 
loss du r ing  soil  removal .
I n te ra c t io n  b e tw een  p lan t ing  m ethod  and species were s ignif icant  for  
roo t  growth p o te n t ia l  ( R G P )  m easu re m e n ts  (Table 6). F abr ic  bags sig­
nif icantly  increased  R G P  for  Taxodium  com pared  with B & B t r e a tm e n ts ,  
bu t  d e c reased  R G P  for  A c er  co m pared  w'ith raised beds. Ra ised  bed  t r e a t ­
m en ts  r educed  R G P  for Pinus co m p ared  with fabric bags or  flat  bed t r e a t ­
ments .  R G P  for  Betula  and Quercus were not  affected by p lan t in g  m ethod .
It  is in te re s t in g  to note  tha t  fabric  bags increased root  dry weight and 
f ibrous  roo t  co n te n t  of the  harvested  root  balls for Acer, Quercus, and 
Pinus, yet a co r re sp o n d in g  increase  in R G P  was not observed .  Rem oval  of  
the  fabric  bag  was done  p r io r  to t r an sp lan t in g  and the in tegr i ty  of  the roo t  
ball  could no t  be m a in ta in e d  for  A cer  and Q uercus . Much of the im p ro v e ­
m en t  in roo t  mass was nega ted  because  the  roo t  ball fell apar t .  The  
removal  of  the  fabric  bag also dam aged  many of the white  newly in t ia ted  
roots  on the  surface of those  roo t  balls  r em a in ing  in tact .  Yadav et al (143) 
a lso found tha t  with live oaks  it was diff icult  to remove the  fabric  bag 
w i thou t  d is tu rb in g  the  roots .
Survival o f  t rees  du r ing  the pos tharves t  pe r iod  and a f te r  t ran sp lan t in g  
was not  a f fec ted  by p lan t in g  m ethod .  All t rees  survived this per iod .  T rees  
f ro m  fabric bag t r e a tm e n ts  with ro o t  balls tha t  r e m a in ed  in tact  du r ing  
t r a n s p o r t  did exhib i t  fewer w ate r  stress symptoms and leaf  drop; however ,  
these  observa t ions  were not  quan t i f ied .  The  increased  root  mass in fabric  
bags may o ffer  some advantages  u n d e r  m ore  s tressful condi t ions .  The  
p r o b le m  with the fabric bag may be in keep ing  the root  system intact  du r ing
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t ran sp o r t .  T rees  in this ex p e r im en t  were handled  with grea t  care  and were  
not  s tacked  or hand led  as roughly as they would be in a typical nursery  
s i tua t ion ,  yet many of  the  A c er  and Quercus roo t  balls were easily d is tu rbed .  
B & B t r e a tm e n ts  were p laced  in wire baskets  and could w i ths tand  m ore  
abuse  than  fabric  bags.
M ain  effects  of  i r r ig a t io n  on root  growth p o ten t ia l  ( R G P )  were  no t  sig­
ni f ican t  (Table  5). Species main  effects were s ignif icant  for R G P .  R G P  
was g rea te s t  for  Acer, yet the root  dry weight ob ta ined  wi th in  the harves ted  
roo t  ball was low. The  test for R G P  was done  dur ing  the per iod  of  rapid 
shoo t  d e v e lo p m e n t  and species  vary in the i r  abili ty to r eg e n e ra te  roots  
a f te r  t r a n sp lan t in g  dur ing  this per iod .  A s imple  l inear  re la t io n sh ip  b e ­
tween  increased  roo t  g rowth  with in  the harvested  roo t  bal l  in fabric  bags 
and  in c rea sed  R G P  did n o t  exist . D is tu rb a n ce  of the  roo t  ball  with 
removal  of  the  bag can nega te  any advantages  the  fabric  bag may o f fe r  and 
each  species '  in te rna l  con t ro ls  will have a big inf luence on express ion  of 
R G P .  F la t  bed and  raised bed root  systems were u n re s t r i c t e d  and the i r  
r o o t s  w e re  s e v e r e d  d u r i n g  th e  h a r v e s t i n g  p ro c e s s .  T h e  a b i l i ty  to 
r e g e n e ra te  roots  f rom  severed  ends  can vary seasonal ly  and is u n ique  for  
each species.  It is not known if s imilar  seasonal p a t te rn s  of  R G P  for  each 
species  exist  be tw een  severed  u n res t r ic ted  roo t  systems and  n o n-severed  
re s t r i c te d  roo t  systems.
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Table 4. Main effects of irrigation, planting method, and species on plant height and
trunk caliper after one and two years, Expt. 1.___________________________________
Treatment
1st Year 2nd Year
Plant
ht(m)
Trunk
caliper(cm)
Plant
ht(m)
Trunk
caliper(cm)
Irrigation, I
Irrigated 2.30 3.63 3.19 5.24
Not irrigated 2.14 3.37 2.98 4.89
Planting Method, P
Fabric bag 2.21 3.49 3.06 5.07
Flat bed 2.28 3.61 3.14 5.06
Raised bed 2.17 3.40 3.05 5.06
Species, S
Acer rub rum 2.37 az 3.11 b 2.97 b 4.04 b
Betula nigra 2.48 a 2.66 c 3.55 a 3.72 b
Pinus Elliotti 2.00 c 4.48 a 2.91 b 6.84 a
Quercus virginiana 2.17 b 2.85 c 3.05 b 3.92 b
Taxodium distichum 2.08 be 4.40 a 2.96 b 6.80 a
Main effects 
Irrigation # X X  X X  x X  *
Planting method NS NS NS NS
Species X  * X  X X  * X  X
Interactions NS NS PXS* NS
z Mean separation within main effects and columns by Duncan’s multiple range 
test, 59c level.
*  *  *  \ T C
’ ’ Significant at 1% and 5%  levels and not significant, respectively.
40
Table 5. Main effects of irrigation, planting method, and species on root growth of
two year harvested roothall and root growth potential, Expt. 1.___________________
Treatment
Root
rating2
Harvested Root Ball
Root mass 
Root denistv 
d rvwt(g)  (g-liter'f )
Root Growth 
Potential
root 
drv wt (g)
Irrigation, I
Irrigated 7.3 1807 30.3 37.2
Not irrigated 6.1 1414 23.5 33.6
Planting method, P
Fabric bag 8.7 a 2017 a 37.5 a 37.9
Flat bed 5.5 b 1382 b 21.2 b 34.0
Raised bed 5.9 b 1434 b 22.0 b 34.2
Species, S
Acer rubrum 7.2 a 1198 d 20.0 d 70.1 a
Betula nigra 6.9 ab 2568 a 42.4 a 49.9 b
Pinus Elliotti 6.5 c 1819 b 30.6 b 32.0 c
Quercus virginiana 6.7 be 960 d 15.9 d 7.9 e
Taxodium distichum 6.0 d 1509 c 25.6 c 17.0 d
Main effects 
Irrigation * * * * NS
Planting method * # # X *  X NS
Species * * X  * *  X X  X
Interactions NS PXS* PXS* PXS
2 Based on a scale of 1-10 (1 = lowest fibrous & total root mass, 10 = highest 
fibrous & total root mass) 
y Mean separation within main effects and columns by Duncan’s multiple range 
test, 5%  level.
* * * \T  c
’ ’ ‘ Significant at 1% and 5% levels and not significant, respectively.
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Table 6. Interactions of planting method and species on 2nd year plant height, har­
vested root dry weight, root mass density and root growth potential, Expt. 1.
SPECIES
Planting method Acer
rubrum
Betula Pinus Quercus 
nigra Elliotti virginiana
Taxodium
distichum
Fabric bag 
Flat bed 
Raised bed
2.88 az 
2.99 a 
3.10 a
2nd year plant height (m)
3.33 b 2.95 a 3.17 a 
3.81 a 2.92 a 2.96 a 
3.50 ab 2.84 a 3.00 a
2.99 a 
3.11 a 
2.79 a
Fabric bag 
Flat bag 
Raised bed
1482 a 
1022 b 
1090 b
Harvested root dry wt (g)
2763 a 2488 a 1093 a 
2409 a 1529 b 734 b 
2532 a 1440 b 1053 a
2256 a 
1215 b 
1055 b
Fabric bag 
Flat bed 
Raised bed
27.6 a
15.7 b
16.7 b
Harvested root mass density (g • liter'*)
51.4 a 46.3 a 20.3 a 
37.0 b 23.5 b 11.3 c 
38.9 b 22.1 b 16.2 b
41.9 a 
18.7 b 
16.2 b
Fabric bag 
Flat bed 
Raised bed
56.3 b
73.5 ab
80.5 a
Root growth potential, root dry wt (g) 
54.6 a 36.3 a 7.7 a 
46.9 a 38.1 a 5.9 a 
48.1 a 21.6 b 10.0 a
34.7 a 
5.6 b 
10.6 b
z Mean separation within columns by Duncan’s multiple range, 5%  level.
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E xperim ent 2. All t rees  were grown in 4 6 -cm -d iam e te r  fabric  bags and 
top growth of all five species  re sponded  to t rickle  i r r iga t ion  ( Tab le  7). 
P lan t  he igh t  was s ignif icantly g re a te r  af te r  one and two years  for  i r r iga ted  
p lan ts  com pared  to n on - i r r iga ted  plants.  T ru n k  ca l iper  was s ignif icantly  
g r e a te r  a f te r  one year  for i r r iga ted  plants.  The  average increase  in t ru n k  
ca l iper  was 0.19 cm (0.07 in) and 0.36 cm (0.14 in) for  one  and two years,  
respect ively.  The  small increases  in p lan t  he igh t  and t ru n k  ca l iper  would 
be of no econom ic  value.  T r ick le  i r r iga t ion  effects on roo t  growth  were  
no t  examined.
F e r t i l i z e r  fo rm u la t io n  had no affect on p lan t  he igh t  or t ru n k  ca l iper  
for  years  one or  two (Table  7). Ingram  (56) also observed  no d i f fe rences  
o f  top growth of  fabric  bag-grown t rees  as in f luenced  by f e r t i l i ze r  sources .
T ru n k  ca l iper  was h ighest  for  Taxodium  a f te r  one  and two years,  fo l­
lowed in rank ing  by Pinus. Betula  p roduced  the g rea te s t  p la n t  he ights  a f te r  
one  and two years.  These  resul ts  were  s imilar  to those  found in Expt. 7.
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Table 7. Main effects of irrigation, planting method, species, and fertilizer on plant
height and trunk caliper after one and two years, Expt. 2.________________________
1st Year 2nd Year
Plant Trunk Plant Trunk
Treatment ht(m) caliper(cm) ht(m) caliper(cm)
Irrigation
Irrigated 2.33 3.69 3.18 5.19
Not irrigated 2.23 3.50 3.05 4.83
Species
Acer mbrum 2.30 bz 2.97 c 2.91 c 3.93 c
Betula nigra 2.59 a 2.85 c 3.74 a 4.04 c
Pinus Elliotti 1.93 c 4.29 b 2.47 d 5.86 b
Quercus virginiana 2.30 b 2.80 c 3.18 b 3.93 c
Taxodium distichum 2.30 b 5.08 a 3.29 b 7.32 a
Fertilizer
Granular  (13-13-13) 2.31 3.59 3.12 4.95
Osmocote ( 17-7-12) 2.26 3.69 3.10 5.04
Osmocote ( 24-4-6) 2.28 3.56 3.13 4.96
Woodace ( 14-3-3) 2.29 3.55 3.12 5.08
Main effects 
Irrigation * * 5k * « NS
Species * * 9k 5k * 9k 9k 9k
Fertilizer NS NS NS NS
Interactions NS NS NS NS
2 Mean separation within main effects and columns by Duncan’s multiple range 
test, 5% level.
* * *
’ ’ ‘ Significant at 1% and 5%  levels and not significant, respectively.
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E xperim ent 3. The effects of ir r iga t ion ,  fabric bag size, species,  and f e r ­
t i l ize r  app l ica t ion  m ethod  were  evaluated  in this study. Species  effects  
w ere  s ignif icant ,  as were  SX B X I, SX I, a x s , a x b , and AXI in te ra c t io n s  
(Table  8). In te rac t ions  be tw een  appl ica t ion  m ethod  and fabric  bag size oc­
c u r red  on first  year  p lan t  he igh t  and first,  second,  and th i rd  year  t ru n k  
ca l iper  (Table  9). The  genera l  t r e n d  was for dibble  applied  f e r t i l i z e r  to 
be m ore  ef fect ive with the 46 -cm -d iam ete r  fabric bags and the top-d ressed  
app l ied  f e r t i l ize r  to be more  effect ive with the 6 1 -cm -d iam e te r  fabric  bags. 
Heavy ra infal l  f loa ted  m uch of the Osm oco te  fe r t i l ize r  of  top -d ressed  
t r e a tm e n t s  ou ts ide  the p e r im e te r  of the 46 -cm -d iam ete r  fabric bag. This  
re su l ted  in less f e r t i l ize r  in the area  of  the res t r ic ted  root  zone.  Top-  
d ressed  f e r t i l ize r  r e m a in e d  wi th in  the  p e r im e te r  of  the 61 -c m -d ia m e te r  
fabr ic  bag and the  roo t  system, be ing  less res t r ic ted ,  was not  as c o n ­
c e n t r a t e d  near  the dibble  app l ied  fe r t i l izer .  D ibb le  app l ica t ion  in 46-cm- 
d ia m e te r  fabric  bags resu l ted  in an average increase  of  0.32 cm (0.13 in.) 
fo r  th i rd  year  t r u n k  c a l ip e r  w h e re a s  top-d ress  a p p l ic a t io n  in 61-cm- 
d ia m e te r  fabric  bags resu l ted  in an average increase of 0.49 cm (0.19 in.) 
for  th i rd  year  t ru n k  cal iper .
A pp l ica t ion  m ethod  by i r r iga t ion  in te rac t ions  were only s ignif icant  for 
th i rd  year  t ru n k  ca l iper  (Table  10). W h en  i r r iga ted ,  d ibble  app l ied  t r e a t ­
m en ts  showed an average dec rease  of  0.5 cm (0.20 in.) co m p ared  to i r ­
r i g a t e d  t o p d r e s s  t r e a t m e n t s .  N o n - i r r i g a t e d  d i b b l e  and  t o p - d r e s s e d  
t r e a tm e n t s  re su l ted  in a 0.39 cm (0.15 in.) increase  and 0.44 cm (0.17 in.) 
d ec rease  co m p a red  to th e i r  i r r iga ted  coun te rpa r t s ,  respectively. Excessive 
leach ing  f rom i r r iga t ion  may have been  responsib le  for reducing  n u t r i e n t  
levels below o p t im um  for d ibb le  appl ied  t re a tm e n ts  and a c o r re sp o n d in g  
red u c t io n  in th i rd  year  t ru n k  caliper .  The longevity of O sm o co te  was
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p robab ly  increased  by surface app l ica t ion  and res idual  levels on the  soil 
surface  may have r e m a in e d  high in to the th i rd  year .  N u t r ie n t  re lease  of  
res idua l  top-d ressed  fe r t i l ize r  in the th i rd  year  may have b en e f i t te d  f rom 
the  m in im al  soil surface  wet t ing  provided  for  by trickle  i r r iga t ion .
Species  r e sp o n d ed  d ifferent ly  f rom each o th e r  to app l ica t ion  m ethod  
d u r in g  the th i rd  year  of  growth (Table 11). A cer  on the average tended  to 
b e n e f i t  f rom  dibble  app l ica t ion  and Pinus f rom top-dressed  appl ica t ion .  
A cer  average t ru n k  ca l iper  dec l ined  0.88 cm (0.35 in.) w hen  top-dressed  
and Pinus  average t ru n k  ca l iper  increased  0.74 cm (0.30 in.) w hen  top- 
d ressed .
I r r ig a t io n  resu l ted  in dec reased  p lan t  heigh t  (2nd and  3rd year)  fo r A cer  
and  P in u s , and increased  p lan t  heigh t  for Betula, Quercus, and Taxodium  
(Tab le  12). T h i rd  year  t ru n k  ca l iper  for  Pinus in 4 6 -cm -d iam e te r  fabric 
bags  was s ignif icantly  reduced  by ir r iga t ion ,  com pared  with non - i r r iga ted  
t re e s  (Table  13). R e d u c t io n  of 1.65 cm (0.65 in.) t ru n k  ca l iper  resu l ted  
f r o m  i r r i g a t i o n  of  Pinus  in 4 6 - c m -d ia m e te r  fab r ic  bags. Betula  a n d  
Taxodium  t ru n k  ca l iper  inc reased  with  i r r iga t ion  regard less  of fabric  bag 
size. The  increase  was g rea tes t  wi th in  the 61 -cm -d iam e te r  bag for  Betula  
and  the  4 6 -cm -d iam e te r  bag for  Taxodium . Tr ickle  i r r ig a t io n  resu l ted  in 
s ign if ican t  decreases  in ro o t  dry weights  of  3-year-old harves ted  root  balls 
o f  d ibb le-  fe r t i l ized  A c er  and Pinus (Table  14). These  data  and observa t ions  
d e m o n s t r a t e  tha t  t rickle  i r r ig a t io n  may not be benef ic ia l  to all field grown 
nursery  stock, especially in areas  of  l imited d ra inage  and high rainfal l .  
W a te r in g  based on r ep la c e m e n t  of ne t  evapora t ion  does  not  take into ac­
coun t  the  in te rn a l  d ra inage  charac ters t ics  of a p a r t icu la r  soil o r  the  c h a n ­
ges in evapora t ive  dem and  in f luenced  by p lant  growth and d eve lopm en t .
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R o o t  dry weights  of t rees  grown in 61-cm -d iam ete r  fabric bags were  not  
d i f fe ren t  f rom those grown in 46-cm -d iam ete r  fabric bags for A cer  and 
Pinus  t rees  grown with d ibb led -app l ied  fer t i l izer .  P r imary  roots  in the 61- 
c m -d ia m e te r  fabric bag ap p e a red  to be th in n e r  and longer  than  p r im ary  
roots  in the  46-cm -d iam ete r  fabric  bag. These  observat ions  suggest  tha t  
the  total root  length  may be quite  d i f fe ren t  for each fabric bag size. I n ­
c reased  to ta l  roo t  leng th  len g th  and  in te rn a l  roo t  ex tens ion  in to  the 
g rea te r  soil  vo lume of 61 -cm -d iam ete r  fabric bags would increase  the  
am o u n t  of  w ater  avai lable to the tree,  and stress a f te r  harves t ing  could be 
reduced  p r io r  to and af te r  t ransp lan t ing .
T he  m a n u f a c tu r e r  o f  fab r ic  bags r e c o m m e n d s  5 .1 -c m -d ia m e te r  
ca l iper  t rees  be harvested  in 46-cm -d iam eter  fabric  bags and 7.6-cm- 
d ia m e te r  ca l iper  t rees  in 61 -cm -d iam e te r  fabric bags. This r e c o m m e n d a ­
t ion  provides  for soil vo lumes  of  approximate ly  20% less than  A m er ic an  
A ssoc ia t ion  o f  N urse rym en  specif ica t ions  for B & B t rees  (2).  T h e  top 
growth  ra te  (p lan t  height  and  t ru n k  ca l iper)  var ied  be tw een  species  grown 
in fabric  bags (Fig 1 and Fig 2). P red ic ted  lengths  of t ime to reach  5.1-cm- 
d i a m e te r  t ru n k  cal iper  for fabric bag grown trees  are  approximate ly  1.5,
1.75, 2.5, 2.75 and 3.0 years  for  Taxodium , Pinus, Betula, Acer, and Q uer­
cus . respect ively  (Fig  2). The  var ia t ions  in growth ra tes  of species  makes  
it ex t rem ely  diff icult  to co o rd in a te  the op t im al  harves t ing  t im e  with  the 
peak  sales per iod .  T ree  spade size can be m an ipu la ted  to adjust for t ru n k  
ca l iper  size, allowing for m ore  versat i l i ty  dur ing  harvest ing.  W ith  fabric  
bags the oppor tun i ty  to harvest  p lants  at  an ea r l i e r  age and sm al le r  t ru n k  
ca l iper  is not possible since you are  locked into a specific t ree  size and soil 
volume.  N urse rym en  of ten  plow up and burn  overgrown unsold  t rees  tha t
beco m e  u n m anageab le .  T rees  tha t  are not sold and ou tgrow the fabric  ba 
would  p re se n t  a p rob lem  since the bag still  would rem ain  in the g round.
Table 8. Main effects of irrigation, fabric bag size, species, and fertilizer application method on plant 
height and trunk caliper after one, two and three years, Expt 3.___________________________________
1st vear 2nd vear 3rd vear
Plant
ht(m)
Trunk
caliper(cm)
Plant
ht(m)
Trunk
caliper(cm)
Plant
ht(m)
Trunk
caliper(cm)
Irrigation, I
Irrigated 2.27 3.59 3.08 4.96 4.54 7.39
Not irrigated 2.28 3.64 3.09 4.90 4.50 7.36
Bag size. B
46-cm 2.31 3.67 3.12 4.98 4.55 7.44
61-cm 2.25 3.56 3.06 4.89 4.49 7.31
Species, S
A cer mbrum 2.33 bz 2.99 c 2.91 c 3.96 c 4.20 c 5.94 d
Bemla nigra 2.76 a 2.95 c 3.81 a 4.18 c 5.72 a 6.64 c
Pinus Elliotti 1.90 d 4.42 b 2.48 d 5.89 b 4.01 d 8.46 b
Quercus virginiana 2.07 c 2.65 d 2.96 c 3.76 c 3.88 d 5.59 d
Taxodium distichum 2.32 b 5.09 a 3.29 b 6.88 a 4.78 b 10.25 a
Application method. A
Dibble 2.28 3.62 3.09 5.01 4.55 7.33
Topdress 2.27 3.61 3.09 4.86 4.49 7.42
Main effects
Irrigation NS NS NS NS NS NS
Bag size NS NS NS NS NS NS
Species ** >Je $ * * ** ** **
Application method NS NS NS NS NS NS
Interactions
SXBXI NS NS NS NS NS *
SXI NS NS * NS * * * *
AXS NS NS NS NS * *
AXB •i* * NS * NS * *
AXI NS NS NS NS NS * *
zMean separation within main effects and columns by Duncan’s multiple range test 59c level.
•  »  •  V ‘ C
' " Significant at 1 ^  and 59c levels and not significant, respectively.
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Table 9. Interactions2 of fertilizer application method and fabric bag on 1st year 
plant height and 1st, 2nd and 3rd year trunk caliper, Expt. 3.___________________
Bag Size, B
Application 
method, A
1st Year ..2nd...Year 3rd Year
Plant 
ht (m)
Trunk 
caliper (cm)
Trunk 
caliper (cm)
Trunk 
caliper (cm)
46-cm dibble 2.348 3.76 5.25 7.60
46-cm topdress 2.266 3.59 4.71 7.28
61-cm dibble 2.216 3.49 4.77 7.07
61-cm topdress 2.276 3.64 5.01 7.56
LSD (.05)y NS NS .42 .42
LSD (.10)' .076 .16 .35 .35
LSD (.05)x .130 NS .44 .52
LSD (.10)x .107 .24 .37 .43
z Averaged over species and irrigation. 
'Between A means for same B. 
xBetween B means for same or different A.
Table 10. Interaction2 of fertilizer application method and 
irrigation on 3rd year plant height and trunk caliper, Expt 3.
Irrigation, I
Application 
method, A Trunk caliper (cm)
Irrigated dibble 7.14
Irrigated topdress 7.64
Not irrigated dibble 7.53
Not irrigated topdress 7.20
LSD (.05)' .42
LSD (.10)y .35
zAveraged over species and bag size.
^Between A means for same I. Differences between I 
means for same or different A are not significant.
Table 11. Interactions7 of fertilizer application method and species on 3rd year 
plant height and trunk caliper, Expt. 3.
Species, S
Application 
Method, A Plant ht (m) Trunk Caliper (cm)
Acer rubrum Dibble 4.370 6. 38
Topdress 4.037 5.50
Betula nigra Dibble 5.742 6.58
Topdress 5.688 6.70
Pinus Elliotti Dibble 3.893 8.08
Topdress 4.131 8.83
Quercus virginiana Dibble 3.851 5.37
Topdress 3.910 5.82
Taxodium distichum Dibble 4.891 10.25
Topdress 4.664 10.24
LSD (.05)y .250 .67
LSD (.10)y .210 .56
LSD (.05)X .260 .67
LSD (.10)X .218 .56
7 Averaged over irrigation and bag size. 
^Between A means for same S. 
xBetween S means for same or different A.
Table 12. Interactions7 of irrigation and species on 2nd and 3rd year plant height, 
Expt. 3._____________________________________________________________________
Species, S Irrigation, I
2nd vear 
plant ht.(m)
3rd vear 
plant ht. (m)
Acer ruburm Irrigated 2.813 3.993
Not irrigated 3.003 4.415
Betula nigra Irrigated 3.875 5.839
Not irrigated 3.738 5.591
Pinus Elliotti Irrigated 2.370 3.866
xNot irrigated 2.597 4.158
Quercus virginiana Irrigated 3.063 4.016
Not irrigated 2.850 3.746
Taxodium distichum Irrigated 3.302 4.967
Not irrigated 3.269 4.588
LSD (.05)y .218 .270
LSD (.10)y .182 .226
LSD (.05)X .283 .298
LSD (.10)X .230 .245
zAveraged over bag size and fertilizer application method
yBetween S means for same I.
xBetween I means for same or different S.
Table 13. Interaction2 of species, bag size and irrigation for 3rd year trunk caliper 
(cm), Expt. 3.________________________________________________________________
Acer Betula Pinus Quercus Taxodium 
__________________________ rubrum nigra_____ Elliotti virginiana distichum
Irrigation. I Bag Size. B
Irrigated 46-cm 6.14 6.82 7.79 5.41 11.04
Irrigated 61-cm 5.36 6.93 8.40 5.63 10.36
Not irrigated 46-cm 6.03 6.80 9.44 5.27 9.65
Not irrigated 61-cm 6.23 6.01 8.21 6.05 9.94
LSD (.05)' 1.05
LSD(.10)y .87
LSD (.05)x 1.07
LSD (.10)x .88
zAveraged over fertilizer application method. 
yBetween B means for same I and same or different species.
xBetween I means for same or different B and species.
Table 14. The effect of irrigation and fabric bag size on root dry weights of 3-year- 
old harvested root balls of dibble fertilized Acer rubrum and Pinus Elliotti, Expt. 3.
Irrigation, I Bag Size, B Acer rubrum Pinus Elliotti
Irrigated 46-cm 1993 ± 287z 1848 s: 1047
Irrigated 61-cm 1703 ± 755 1894 ± 984
Not irrigated 46-cm 2305 = 316 3654 ± 1435
Not irrigated 61-cm 2660 s  706 2399 ± 765
Significancey I* r
2Values are means ± s d , n = 6. 
Significance by F test at 5% (*).
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Fig 1. Relationship between time (years) and plant height (m) for five species grown in fabric field 
containers, Expt. 3. Regression equations for each species are: Acer rubrum, y = 2.480 - 
.506979167 + ,360520833x2, r2 = .77; Betula nigra, y = 2.561458333 - .2353125x + .428854167x2, 
r2 = .94; Pinus Elliotti, y = 2.259645833 - .832239583x + .472093750x2, r2 = .80; Quercus vir- 
giniana,y =  1.161041667 + .904322917x, r2 = .81; and Taxodium distichum, y = 1.89375 + .165x 
+ ,265416667x2, r2 = .87.
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Fig. 2. Relationship between time (years) and trunk caliper (cm) for five species grown in fabric 
field containers, Expt. 3. Regression equations for each species are: Acerrubnim , v =  3.009166667 
- ,520104167x + .498854167x2, r2 = .65; Betula nigra, y = 2.936979167 - ,603107639x + 
.612586806X2, r2 = .88; Pinus Elliotti, y = 4.061458333 - ,190104167x + ,552187500x2, r2 = .67; 
Quercus virginiana, y = 2.25333 + .034895S33x + .359270833x2, r2 = .81; and Taxodium dis­
tichum, y = 4.8845833 - .585520833x + ,791145833x2, r2 = .62.
E xperim ent 4. Six t ree  species  were  grown in 4 6 -cm -d iam e te r  fabric 
bags, t r ickle  i r r iga ted  and exposed to four  ra tes  of  dibble  app l ied  slow 
re lease  fe r t i l ize r .  A posit ive response  to increas ing  f e r t i l ize r  ra te  was o b ­
t a in ed  only w h h A c e r  and Taxodium  (Table 15). As N rate  increased  f rom 
84 to 336 kg/ha the re  was a l inear  increase in 2nd year  p lan t  he igh t  for 
A c e r  and  a c u rv i l in e a r  inc rease  in 1st and  2nd year  p lan t  h e ig h t  for  
Taxodium  with the  g rea tes t  increase  occurr ing  at a N rate  of  252 kg/ha (Fig
2). No s ignif icant  t ru n k  ca l iper  d i f ferences  due to N ra tes  o ccu r red  for  
A c er  and Taxodium .
P lan t  he igh t  and t runk  ca l iper  for  Liriodendron  dec reased  l inearly  with 
in c reas ing  N ra tes  (Fig  1 and 2). N ra tes  of  252 kg/ha and 336 kg/ha 
re su l te d  in 37 .5% and 62.5% morta l i ty ,  respectively. Second year  t ru n k  
ca l ipe r  of  Q uercus also decreased  l inear ly  with increas ing  N ra tes  (F ig  2). 
No s ignif icant  p lan t  height  or  t ru n k  ca l iper  d i f fe rences  due  to N ra tes  oc­
c u r re d  for Betula  and  Pinus  (Table 15). T i l t  and D ick e rso n  (120) and I n ­
g ram  (56) have also r e p o r t e d  no  growth response  to increas ing  f e r t i l i ze r  
ra tes  for  fabric  bag grown trees .
N r a t e s  g r e a t e r  t h a n  84 kg /ha  w ould  n o t  p r o d u c e  s u b s t a n t i a l  or  
ec o n o m ic  d i f fe rences  in p lan t  growth  for  Betula, L iriodendron, and Q uer­
cus. G r e a t e s t  t ru n k  cal ipers  were recorded  for  A c e r  and Pinus  at N rates  
o f  168 kg/ha and ra tes  h igher  than  this would be of  no benef i t .  Taxod ium  
growth  was best  at  a N rate of 252 kg N/ha.
Table 15. Top growth response of six tree species to fertilizer rate, Expt. 4.
Rate 1st year 2nd vear
Kg N/ha (lb N/A) plant 
ht. (m)
trunk 
cal (cm)
plant 
ht. (m)
trunk
cal (cm)
84 ( 75) 1.807
Acer rubrum
2.79 2.313 3.52
168 (150) 2.115 3.15 2.638 4.26
252 (225) 2.150 2.81 2.738 4.23
336 (300) 2.074 3.13 2.744 4.11
Significance NS NS L* NS
84 ( 75) 2.716
Betula nigra
2.63 3.721 3.63
168 (150) 2.754 2.74 3.694 3.84
252 (225) 2.704 2.79 3.669 3.81
336 (300) 2.608 2.47 3.686 3.63
Significance NS NS NS NS
84 ( 75) 2.594
Liriodendron ndipifera1 
3.42 3.113 5.23
168 (150) 2.331 3.08 2.868 4.79
252 (225) 2.116 2.75 2.610 4.36
336 (300) 1.810 2.09 1.950 3.07
Significance L** L** L* L**
84 ( 75) 2.199
Pinus Elliotti
5.04 2.438 6.25
168 (150) 2.113 5.44 2.763 7.11
252 (225) 1.928 4.73 2.431 6.33
336 (300) 1.955 4.68 2.419 6.01
Significance NS NS NS NS
84 ( 75) 1.985
Quercus virginiana 
2.93 2.994 4.35
168 (150) 1.996 2.72 2.950 4.15
252 (225) 1.916 2.52 2.750 4.03
336 (300) 1.885 2.58 2.931 3.73
Significance NS NS NS L*
84 ( 75) 2.241
Taxodium distichum  
5.85 3.188 6.80
168 (150) 2.189 5.47 3.100 7.45
252 (225) 2.449 5.94 3.421 8.49
336 (300) 2.235 5.44 3.113 7.49
Significance C* NS C* NS
zDue to death n = 8. n = 8, n = 5, and n = 3 for rates of 84, 168, 252 and 336, respectively.
V C  * •  ■
Not significant and significant at the .05 and .01 levels, respectively. L = linear and C = cubic.
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Fig. 3 Relationship between fertilizer rate and plant height for Acer m bm m  (y = 2.259375 + 
.001659226x, r2 = .15),Liriocierdron tulipifera (y = 3.511591 - .004103215, r2 = .23), and Taxodium  
distichum  (y = 4.7225 - .031011905x + .00017618x2 - .000000292x3, r2 = .19), Expt. 4.
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Summary and Conclusions
Experim ent 1.
P ro d u c t io n  m ethods  (fabr ic  bag, flat  bed, and raised bed),  i r r ig a t io n  
and five tree  species  were evalua ted  for effects  on top growth, roo t  growth 
w i th in  the harvested  root  ball  and root  growth  p o ten t ia l  (R G P ) .
1) P la n t in g  m e th o d  did  no t  in f luence  p lan t  he igh t  o r  t r u n k  
ca l iper  o f Acer, Pinus, Quercus and Taxodium , whereas ,  Betula  
p lan t  height  was reduced  by the fabric bag t r e a tm e n t .
2) Tr ick le  i r r iga t ion  had a positive impact  on p lan t  height ,  t ru n k  
ca l iper  and root growth within the harvested  roo t  ball .
3) Fabr ic  bags increased  the n um ber  of fibrous roots  and the root  
mass with in  the  harves ted  root  ball . T rees  exh ib i ted  less leaf  
d rop  and wilt  du r ing  the pos tharves t  per iod ,  but  survival d i f ­
ferences  b e tw een  p ro d u c t io n  methods  were not  observed .
4) A l in ea r  c o r re la t io n  b e tw een  increased  roo t  mass w i th in  the 
harves ted  roo t  ball  of fabric bags and increased  roo t  growth  
p o ten t ia l  (R G P )  did not  exist. Rem oval  o f  the fabric  bag 
dam aged  roots  on the surface  of  those root  balls r em a in in g  in ­
tact.
5) Roo t  balls of  A cer  and Quercus grown in fabric bags were  e s p e ­
cially sensi t ive  to pos tharves t  handl ing.  B & B nursery  s tock
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was p ro te c te d  by wire baskets  and w i ths tood  m ore  abuse than  
fabric bags. These  observat ions  could have im pl ica t ions  on 
t ra n sp o r t  and s tacking  of  fabric bag nursery  stock.
E xperim ent 2.
F o u r  f e r t i l ize r  sources and trickle  i r r iga t ion  were evalua ted  for  effects  
on top growth of  five t ree  species  grown in 4 6 -cm -d iam e te r  fabric bags.
1) T r ick le  i r r iga t ion  had a posit ive impact  on top growth for  all 
five species  grown in 46 -cm -d iam ete r  fabric  bags.
2) F e r t i l i z e r  source had no effect  on p lan t  he igh t  or  t ru n k  ca l iper  
for  the first or second year  of  t ree  growth.
3) Taxodium  p roduced  the largest  t ru n k  ca l iper  a f te r  one  and two 
years,  followed in rank ing  by Pinus.
Experim ent 3.
F e r t i l i z e r  app l ica t ion  m ethod  ( top-dress  and d ibble) ,  fabric  bag size 
(46-cm and  6 1-cm) and trickle  n i r r iga t ion  were eva lua ted  for  effects  on top 
growth  and root  growth with in  the  harvested  roo t  ball  o f  five t ree  species.
1) Dibb le  appl ied  O sm oco te  p roduced  b e t t e r  growth of  t rees  in 
46 -cm -d iam ete r  fabric bags whereas  top-dressed  O sm o co te
produced  b e t t e r  growth of  t rees  in 6 1-cm -d iam eter  fabr ic  bags 
(averaged  over all species  and i r r iga t ion  levels).
2) Excessive leach ing  with i r r iga ted  t r e a tm e n ts  may have b een  
respons ib le  for reducing  n u t r ien ts  levels below o p t im u m  for 
d ib b le  a p p l i e d  f e r t i l i z e r  t r e a t m e n t s  and  a c o r r e s p o n d i n g  
r educ t ion  in 3rd year  t ru n k  caliper .
3) Species  re sponded  d i f fe ren t ly  from each o th e r  to f e r t i l iz e r  a p ­
p l i c a t i o n  m e t h o d  d u r i n g  th e  3 rd  y e a r  o f  g r o w th .  A cer  
b e n e f i t t e d  f ro m  d ib b le  a p p l i c a t i o n  and  P in u s  f ro m  to p -  
dressed  app l ica t ion .
4) B etu la , Q uercus and Taxodium  r e sponded  in a positive  m a n n e r  
to t r ick le  i r r iga t ion .  Top  growth and harves ted  roo t  systems 
of  A cer  and Pinus w'ere negat ively af fec ted  by tr ick le  i r r ig a ­
t ion.
5) P r e d ic te d  leng ths  o f  t im e  to reach 5 .1 -cm -d iam e te r  t ru n k  
ca l iper  for  fabric bag grown t rees  were  approx im ate ly  1.50,
1.75, 2.50, 2.75 and 3.00 years  for Taxodium , Pinus, B e tu la , 
A cer  and Quercus, respect ively .  Impl ica t ions  of  these  da ta  are  
of a prac t ica l  na tu re  to the nursery  industry since it is e x t r e m e ­
ly diff icul t  to co o rd in a te  op t imal  harvest ing  t ime based on 
t ru n k  ca l ipe r  and soil  vo lume to the p eak  sales pe r io d  and  a 
reta il  c u s to m e r ’s needs .  B & B plants  o ffer  m ore  versa t i l i ty  
a n d  a l lo w  h a r v e s t i n g  o f  v a r io u s  t r u n k  c a l i p e r  a n d  r o o t  
volumes.
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Experim ent 4.
T op  growth response  of  six t ree  species  to slow re lease  f e r t i l i z e r  r a te  in 
fabr ic  bags.
1) N ra tes  g r e a t e r  t h a n  84 kg/ha were  not  b en e f i c i a l  to top 
g r o w t h  ( p l a n t  h e i g h t  a n d  t r u n k  c a l i p e r )  f o r  Betula, 
Liriodendron  and Quercus.
2) A cer  and Pinus did not  b enef i t  f rom N ra tes  h igher  th an  168 
kg/ha.
3) Taxodium  p roduced  bes t  growth at a N ra te  o f  252 kg/ha.
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Table 16. Analysis of variance of plant height (m) for 1st year, Expt. 1.
Source df Sums of squares F value Pr > Fz
Block 4 0.6235706 2.53 .1952
Irrigation, I 1 1.7484914 28.39 .0060**
Error (a) 4 0.2463416
Planting Method, P 2 0.5879178 1.89 .1827
PXI 2 0.3937485 1.27 .3080
Error (b) 16 2.4830036
Species, S 4 9.8530890 22.45 .0001**
SXI 4 0.2834410 0.65 .6311
SXP 8 1.5075780 1.72 .1040
SXPXI 8 0.7502142 0.85 .5574
Error (c) 96 10.5322234
Sampling Error (s) 150 12.0776045
Total 299 41.0872235
Probabi l i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1 %(**) levels.
Coefficient of variability, CV: CV (a) = 11.2%; CV (b) = 17.7%; CV (c) =
14.9%; CV (s) = 12.8%.
Experim ental mean = 2.220 m.
Table 17. Analysis of variance of plant height (m) for 2nd year, Expt. 1.
Source df Sums of squares F value Pr > F z
Block 4 2.3554567 6.88 .0442*
Irrigation, I 1 3.4580656 40.41 .0031**
Error (a) 4 0.3422626
Planting Method, P 2 0.5460471 0.75 .4898
PXI 2 0.2107871 0.29 .7534
Error (b) 16 5.8515278
Species, S 4 16.4892899 21.27 .0001**
SXI 4 0.2535972 0.33 .8592
SXP 8 4.0193620 2.59 .0131*
SXPXI 8 1.4964979 0.97 .4680
Error (c) 96 18.6090725
Sampling Error (s) 150 22.2003775
Total 299 75.8323440
Probabil i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) =  9.5%; CV (b) = 19.6%; CV (c) = 14.3%;
CV (s) = 12.5%.
Experim ental mean = 3.085 m.
Table 18. Analysis of variance of trunk caliper (cm) for 1st year, E x p t.l .
Source df Sums of squares F value Pr > Fz
Block 4 1.21797 1.36 .3854
Irrigation, I 1 5.26953 23.61 .0083**
Error (a) 4 0.89275
Planting Method, P 2 2.15462 1.33 .2918
PXI 2 1.20976 0.75 .4893
Error (b) 16 12.94446
Species, S 4 182.74557 107.07 o o o * X
SXI 4 1.82962 1.07 .3747
SXP 8 4.80598 1.41 .2030
SXPXI 8 1.88263 0.55 .8147
Error (c) 96 40.96266
Sampling Error (s) 150 48.37220
Total 299 304.28775
^Probability (Pr) of a greater F  value. Significance is denoted as significant at 
5%(*)  or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 13.5%; CV (b) = 25.7%; CV (c) =
18.7%; CV (s) =  16.2. '
Experim ental m ean = 3.50 cm.
Table 19. Analysis of variance of trunk caliper (cm) for 2nd year, Expt 1.
Source df Sums of squares F value Pr > Fz
Block 4 2.23524 3.61 .1205
Irrigation, I 1 9.39516 60.77 .0015**
Error (a) 4 0.61844
Planting Method, P ? 0.01715 0.00 .9958
PXI 2 4.13720 1.02 .3836
Error (b) 16 32.51375
Species, S 4 618.87747 191.80 .0001**
SXI 4 5.67240 1.76 .1437
SXP 8 8.49851 1.32 .2444
SXPXI 8 4.38767 0.68 .7081
Error (c) 96 77.44031
Sampling Error(s) 150 86.19875
Total 299 849.99920
Probabi l i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 7 .8% ;C V (b) =  28.2%, CV (c) =
17.7%; CV (s) = 15.0%.
Experim ental mean = 5.06 cm.
Table 20. Analysis of variance of root dry weight (g) for two year harvested root ball,
Expt. 1.
Source df Sums of squares F value Pr > Fz
Block 4 1783906.24 0.98 .5085
Irrigation, I 1 5778090.67 12.66 .0236*
Error (a) 4 1825025.87
Planting Method, P 2 12418123.00 15.73 .0002**
PXI 2 2059264.25 2.61 .1046
Error (b) 16 6316002.61
Species, S 4 46937837.44 39.50 .0001**
SXI 4 1260530.40 1.06 .3803
SXP 8 5503073.20 2.32 .0257*
SXPXI 8 1482376.88 0.62 .7560
Error (c) 96 28519727.68
Total 149 113883958.24
Probabil i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 41.9%, CV (b) = 39.0%; CV (c) = 
33.8%,
Experim ental mean = 1610.7 g.
Table 21. Analysis of variance of root mass density (g • liter ' 1) for two year har­
vested root ball, Expt .1
Source df Sums of squares F value Pr > Fz
Block 4 470.2047 0.83 .5695
Irrigation. I 1 1707.0248 12.05 .0256*
Error (a) 4 566.6075
Planting Method, P 2 8396.6769 34.49 .0001**
PXI 2 751.1664 3.09 .0736
Error (b) 16 1947.8782
Species, S 4 12740.5697 36.39 .0001**
SXI 4 378.2467 1.08 .3706
SXP 8 1798.4573 2.57 .0139*
SXPXI 8 461.2817 0.66 .7262
Error (c) 96 8401.6458
Total 149 37619.7597
Probabi l i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or i %(**) levels.
Coefficient of variability, CV: CV (a) = 44.2%; CV (b) =41.0% ; CV (c) =
34.8%.
Experim ental mean = 26.9 g • liter' \
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Table 22. Analysis of variance of root rating2 for two year harvested root ball of,
Expt. 1.
Source df Sums of squares F value Pr > F-
Block 4 3.0933 1.57 .3369
Irrigation, I 1 50.4600 102.28 .0005**
Error (a) 4 1.9733
Planting Method, P 2 300.8533 304.92 .0001**
PXI 2 1.1200 1.14 .3459
Error (b) 16 7.8933
Species, S 4 22.2267 12.28 .0001**
SXI 4 2.4400 1.35 .2578
SXP 8 4.4133 1.22 .2962
SXPXI 8 7.0800 1.96 .0604
Error (c) 96 43.4400
Total 149 444.9933
zBased on scale of 1-10 (1 = lowest fibrous and total root mass, 10 = highest 
fibrous and total root mass)
^'Probability (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 12.3%; CV (b) = 12.3%; CV (c) =
11.9%.
Experimental mean = 5.7.
Table 23. Analysis of variance of root growth potential [root dry weight (g)], Expt. 1.
Source df Sums of squares F value Pr > Fz
Block 4 1908.693 4.99 .0743
Irrigation, I 1 486.000 5.08 .0872
Error (a) 4 382.400
Planting Method, P ->tLm 492.160 0.92 .4173
PXI 2 511.840 0.96 .4037
Error (b) 16 4263.467
Species, S 4 75683.960 91.17 .0001**
SXI 4 362.200 0.44 .7821
SXP 8 9517.840 5.73 .0001**
SXPXI 8 1861.360 1.12 .3561
Error (c) 96 19922.640
Total 149 115392.560
Probabi l i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variabilitv, CV: CV (a) = 27.6%; CV (b) = 46.1%; CV (c) =
40.7%.
Experim ental m ean = 35.4 g.
Table 24. Analysis of variance of plant height (m) for 1st year, Expt. 2.
Source df Sums of squares F value Pr > F z
Block 5 0.1858171 0.49 .7759
Irrigation, I 1 0.6070204 7.95 .0371*
Error (a) 5 0.3817471
Species, S 4 10.6519025 22.46 .0001**
SXI 4 0.3859275 0.81 .5240
Error (b) 40 4.7427900
Fertilizer, F 3 0.0759746 0.33 .8035
FXS 12 0.4423942 0.60 .6159
FXI 3 0.1380479 0.48 .9236
FXSXI 12 1.0180625 1.11 .3590
Error (c) 150 11.5023958
Total 239 30.1320796
Probabi l i ty  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*) or 1 %(**) levels.
Coefficient of variability, CV: CV (a) = 1 2 .1 % ;C V (b )  =  15.1% ; CV (c) = 
12 .1% .
Experimental mean = 2.283 m.
Table 25. Analysis of variance of plant height (m) for 2nd year, Expt. 2.
Source df Sums of squares F value Pr >  Fz
Block 5 0.4650833 1.60 .3095
Irrigation, I 1 1.0140000 17 .42 .0087**
Error (a) 5 0.2908750
Species, S 4 42.5937083 51.82 .0001**
SXI 4 1.4349583 1.75 .1590
Error (b) 40 8.2188333
Fertilizer, F 3 0.0402083 0.14 .9370
FXS 12 1.2577083 0.48 .6979
FXI 3 0.1390833 1.08 .3800
FXSXI 12 1.7927917 1.54 .1154
Error (c) 150 14.5427083
Total 239 71.78995833
Probabi l i ty  (Pr) of a greater F  value. Significance is denoted as significant at 
5%(*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 7.7%; CV (b) = 1 4 .5 % ;C V (c )  = 
10.0% .
Experim ental mean = 3.117 m.
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Table 26. Analysis of variance of trunk caliper (cm) for 1st year, Expt. 2.
Source df Sums of squares F value Pr > Fz
Block 5 1.92256 3.11 .1191
Irrigation, I 1 2.00264 16.22 .0100**
Error (a) 5 0.61742
Species, S 4 203.57233 179.47 .0001**
SXI 4 1.46472 1.29 .2897
Error (b) 40 11.34313
Fertilizer, F 3 0.71673 0.91 .4356
FXS 12 2.69411 1.43 .2373
FXI 3 1.11831 0.86 .5897
FXSXI 12 2.92125 0.93 .5172
Error (c) 150 39.19636
Total 239 267.56955
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 9.8%; CV (b) = 14.8% ; CV (c) =
14.2% .
Experim ental mean = 3.60 cm.
Table 27. Analysis of variance of trunk caliper (cm) for 2nd year, Expt. 2.
Source df Sums of squares F value Pr >  F z
Block 5 3.46571 0.59 .7135
Irrigation, I 1 7.53903 6.39 .0527
Error (a) 5 5.90358
Species, S 4 449.98004 219.19 .0001**
SXI 4 1.12191 0.55 .7026
Error (b) 40 20.52932
Fertilizer, F 3 0.78509 0.33 .8024
FXS 12 6.66737 1.13 .3400
FXI 3 2.66787 0.70 .. .7456
FXSXI 12 16.70162 1.76 .0590
Error (c) 150 118.33787
Total 239 633.69942
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) =  21.7% ; CV (b) = 14.3% ; CV (c) =
17.7% .
Experim ental mean =  5.01 cm.
Table 28. Analysis of variance of plant height (m) for 1st year, Expt. 3.
Source df Sums of squares F value Pr > F z
Block 5 0.8083571 0.64 .6795
Irrigation, I 1 0.0066782 0.03 .8768
Error (a) 5 1.2549577
Bag Size, B 1 0.2216768 1.42 .2613
BXI 1 0.1423988 0.91 .3625
Error (b) 10 1.5638702
Species, S 4 20.0833269 54.48 .0001**
SXI 4 0.9086893 2.46 .0516
SXB 4 0.2227639 0.60 .6607
SXBXI 4 0.5073069 1.38 .2496
Error (c) 80 7.3727433
Application M ethod, A 1 0.0071068 0.11 .7369
AXS 4 0.5205539 2.08 .0893
AXI 1 0.0291721 0.47 .4965
AXB 1 0.3077368 4.91 .0289*
AXIXS 4 0.1126236 0.45 .7725
AXBXI 1 0.0093002 0.75 .5621
AXBXS 4 0.1871723 0.15 .7008
AXBXIXS 4 0.5060973 2.02 .0973
Error (d) 100 6.2623750
Total 239 41.0349072
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or i% (**) levels.
Coefficient of variability, CV: CV (a) = 22.0%; CV (b) = 17.4%; CV (c) =
13.3%; CV (d) = 11.0%.
Experim ental mean = 2.277 m.
Table 29. Analysis of variance of plant height (m) for 2nd year, Expt. 3.
Source df Sums of squares F value Pr > F z
Block 5 0.8380533 0.42 .8179
Irrigation, I 1 0.0029400 0.01 .9349
Error (a) 5 1.9904450
Bag Size, B 1 0.1949400 0.56 .4728
BXI 1 0.0025350 0.01 .9339
Error (b) 10 3.5016050
Species, S 4 46.5570875 80.86 .0001**
SXI 4 1.8368642 3.19 .0175*
SXB 4 0.6891142 1.20 .3187
SXBXI 4 0.6812608 1.18 .3245
Error (c) 80 11.5149133
A pplication M ethod, A 1 0.0013067 0.02 .9000
AXS 4 0.5419975 1.65 .1688
AXI 1 0.2100417 2.55 .1134
AXB 1 0.0534017 0.65 .4226
AXIXS 4 0.2097542 0.64 .6375
AXBXI 1 0.0129067 1.07 .3744
AXBXS 4 0.3532275 0.16 .6931
AXBXIXS 4 0.5229808 1.59 .1835
Error (d) 100 8.2361833
Total 239 77.951558333
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) =  20.4% ; CV (b) =  19.2% ; CV (c) =
12.3% ; CV (d) = 9.3%.
Experim ental mean = 3.088 m.
Table 30. Analysis of variance of plant height (m) for 3rd year, Expt. 3.
Source df Sums of squares F value Pr > F z
Block 5 2.4117671 1.68 .2906
Irrigation, I 1 0.0795704 0.28 .6207
Error a 5 1.4320471
Bag Size, B 1 0.1831537 0.63 .4471
BXI 1 0.0847504 0.29 .6022
Error (b) 10 2.9252108
Species, S 4 108.5655827 122.57 .0001**
SXI 4 6.4105160 7.24 .0001**
SXB 4 0.7486744 0.85 .5006
SXBXI 4 1.7620694 1.99 .1040
Error (c) 80 17.7141625
A pplication M ethod, A 1 0.2413004 1.26 .2641
AXS 4 2.4705235 3.23 .0155*
AXI 1 0.4977704 2.60 .1099
AXB 1 0.0000938 0.00 .9824
AXIXS 4 0.7185785 0.94 .4448
AXBXI 1 0.0717600 1.24 .2984
AXBXS 4 0.9499385 0.38 .5417
AXBXIXS 4 1.1195385 1.46 .2192
Error (d) 100 19.1343708
Total 239 167.5213796
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) = 11.8%; CV (b) =  12.0%; CV (c) =
10.4% ; CV (d) =  9.7% .
Experim ental m ean = 4.518 m.
92
Table 31. Analysis of variance o f trunk caliper (cm) for 1st year, Expt. 3.
Source df Sums of squares F value Pr >  F z
Block 5 2.64737 0.94 .5266
Irrigation, I 1 0.14357 0.25 .6353
Error (a) 5 2.81893
Bag Size, B 1 0.74854 0.88 .3690
BXI 1 0.16520 0.20 .6680
Error (b) 10 8.45957
Species, S 4 221.09433 110.65 .0001**
SXI 4 4.95650 2.48 .0504
SXB 4 0.69499 0.35 .8448
SXBXI 4 1.93067 0.97 .4307
Error (c) 80 39.96283
A pplication M ethod, A 1 0.00551 0.02 .8907
AXS 4 2.42427 2.09 .0881
AXI 1 0.29704 1.02 .3143
AXB 1 1.51951 5.23 .0243*
AXIXS 4 0.13049 0.11 .9779
AXB XI 1 0.33227 0.60 .6601
AXBXS 4 0.70258 1.14 .2874
AXBXIXS 4 1.69654 1.46 .2200
Error (d) 100 29.04350
Total 239 319.77421
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) =  20.7%; CV (b) =  25.4%; CV (c) =
19.5%; CV (d) = 14.9%.
Experim ental m ean = 3.62 cm.
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Table 32. Analysis of variance of trunk caliper (cm) for 2nd year, Expt. 3.
Source df Sums of squares F value Pr > F z
Block 5 17.07631 6.68 .0287*
Irrigation, I 1 0.17191 0.34 .5872
Error (a) 5 2.55646
Bag Size, B 1 0.58050 0.44 .5226
BXI 1 0.28176 0.21 .6543
Error (b) 10 13.22640
Species, S 4 363.76110 62.72 .0001**
SXI 4 10.05967 1.73 .1506
SXB 4 0.86177 0.15 .9631
SXBXI 4 6.77821 1.17 .3309
Error (c) 80 116.00095
Application M ethod, A 1 1.36052 1.00 .3208
AXS 4 6.89171 1.26 .2905
AXI 1 0.43095 0.32 .5757
AXB 1 9.14031 6.69 .0111*
AXIXS 4 2.93336 0.54 .7092
AXBXI 1 0.28589 1.43 .2294
AXBXS 4 7.81979 0.21 .6484
AXBXIXS 4 0.43946 0.08 .9882
Error (d) 100 136.66547
Total 239 697.32250
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: C‘V (a) = 14.5% ; CV (b) = 23.3%; CV (c) =
24.4%; CV (d) = 23.7%,
Experim ental mean = 4.93 cm.
Table 33. Analysis of variance of trunk caliper (cm) for 3rd year, Expt. 3.
Source df Sums of squares F value Pr > Fz
Block 5 9.65788 0.89 .5504
Irrigation, I 1 0.03094 0.01 .9097
Error (a) 5 10.87926
Bag Size, B 1 0.97857 0.43 .5284
BXI 1 0.02937 0.01 .9122
Error (b) 10 22.94128
Species, S 4 730.48101 131.24 .0001**
SXI 4 20.75604 3.73 .0078**
SXB 4 6.07551 1.09 .3665
SXBXI 4 19.26700 3.46 .0116*
Error (c) 80 111.31899
Application M ethod, A 1 0.45632 0.33 .5655
AXS 4 18.26587 3.33 .0133*
AXI 1 10.21144 7.44 .0075**
AXB 1 9.87190 7.19 .0086**
AXIXS 4 4.26001 0.78 .5435
AXB XI 1 1.40072 0.83 .5088
AXBXS 4 4.56053 1.02 .3148
AXBXIXS 4 9.15325 1.67 .1636
Error (d) 100 137.26412
Total 239 1127.85998
P ro b ab ility  (Pr) of a greater F  value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability, CV: CV (a) =  20.0%; CV (b) = 20.5%; CV (c) =
16.0%; CV (d) =  15.9%.
Experim ental mean = 7.38 cm.
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Table 34. Regression analysis of the relationship between time (years 1,2&3) and
plant height and trunk caliper for A cer rubrum, Expt. 3.
Source df Sums of squares
■>
r~ F value Pr > Fz
Plant height ( m f
Total
Linear component
D eviations from linear
143
1
142
114.593464
83.944301
30.649163
.73 388.92 .0001**
Quadratic component
Deviations from quadratic
1
141
4.159208
26.489955
.77 22.14 .0001**
Trunk caliper ( c m f
Total
Linear component
Deviations from linear
143
1
142
331.37706
208.94851
122.42855
.63 242.40 .0001**
Quadratic component
Deviations from quadratic
1
141
7.96338
114.46517
.65 9.81 .0021**
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe quadratic regression equation is y =  2.480 - .506979167x + .360520833x2; 
Coefficient of variability = 13.8%; and Experim ental mean = 3.148 m.
xThe quadratic regression equation is y =  3.009166667 - .520104167x +
.498854167x"; Coefficient of variability =  21.0%; and Experim ental mean =
4.30 cm.
Table 35. Regression analysis of the relationship between time (years 1,2&3) and
plant height and trunk caliper for Betula nigra, Expt. 3.
Source df Sums of squares
■1 '} 
r~ F value Pr > Fz
Plant height ( m f
Total
Linear component
Deviations from linear
143
1
142
230.634633
210.308001
20.326632
.91 1469.19 .0001**
Quadratic component
Deviations from quadratic
1
141
5.885309
14.441323
.94 57.46 .0001**
Trunk caliper (cm f
Total
Linear component
Deviations from linear
143
1
142
388.06614
327.58023
60.48591
.84 769.05 .0001**
Quadratic component
Deviations from quadratic
1
141
12.00840
48.47751
.88 34.93 .0001**
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe quadratic regression equation is y = 2.561458333 - .2353125x +
.428854167x“; Coefficient of variability = 7.8%; and Experim ental mean = 
4.092 m.
xThe quadratic regression equation is y = 2.936979167 - .603107639x +
.612586806x2; Coefficient of variability =  12.8%; and Experim ental m ean =
4.59 cm.
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Table 36. Regression analysis of the relationship between time (years 1,2&3) and
plant height and trunk caliper for Pinus Elliotti, Expt.3
Source df Sums of squares T~ F value Pr > Fz
Plant height ( m f
Total
Linear component
D eviations from linear
143
1
142
143.404730
107.080514
36.324216
.75 418.60 .0001**
Quadratic component
D eviations from quadratic
1
141
7.131920
29.192296
.80 34.45 .0001**
Trunk caliper (cm)x
Total
Linear component
Deviations from linear
143
1
142
600.88399
391.19338
209.69061
.65 264.91 .0001**
Quadratic component
Deviations from quadratic
1
141
9.75715
199.93346
.67 6.88 .0001**
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe quadratic regression equation is y =  2.259645833 - .832239583x + 
.472093750x“; Coefficient of variability = 16.3%; and Experim ental mean = 
2.798 m.
xThe quadratic regression equation is y = 4.061458333 - .  190104167x +
.552187500x~; Coefficient of variability ™ 19.0%; and Experim ental mean =
6.26 cm.
Table 37. Regression analysis of the relationship between time (years 1,2&3) and
plant height and trunk caliper for Quercus virginiana, Expt. 3.
Source df Sums of squares r~ F value Pr > Fz
Plant height ( m f
Total
Linear component
D eviations from linear
143
1
142
97.219810
78.508793
18.711017
.81 595.81 .0001**
Quadratic component
Deviations from quadratic
1
141
0.013001
18.698016
.81 0.10 .7547
Trunk caliper (c m f
Total
Linear component
Deviations from linear
143
1
142
262.23059
208.00538
54.22521
.79 544.71 .0001**
Quadratic component
Deviations from quadratic
1
141
4.13041
50.09480
.81 11.63 .0008**
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe linear regression equation is y = 1.161041667 + .904322917x; Coefficient of 
variability =  12.2%; and Experim ental m ean = 2.970 m.
xThe quadratic regression equation is y = 2.25333 + .034895833x +
,359270833x"; Coefficient of variability = 14.9%; and Experim ental mean =
4.00 cm.
Table 38. Regression analysis of the relationship between time (years 1,2&3) and
plant height and trunk caliper for Taxodium distichum, Expt. 3.
Source df Sums of squares
")r“ F value Pr > F z
Plant height (m f
Total
Linear component
Deviations from linear
143
1
142
169.186797
144.452267
24.734530
.85 829.29 .0001**
Quadratic component
Deviations from quadratic
1
141
2.254272
22.480258
.87 14.14 .0002**
Trunk caliper (cm)x
Total
Linear component
Deviations from linear
143
1
142
1075.22855
638.55008
436.67847
.59 207.65 .0001**
Quadratic component
Deviations from quadratic
1
141
20.02917
416.64930
.62 6.78 .0102*
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe quadratic regression equation is y = 1.89375 + .165x + .265416667x2; Coef­
ficient of variability = 11.5%; and Experimental mean = 3.462 m.
xThe quadratic regression equation is y = 4.8845833 - .585520833x +
.791145833x“; Coefficient of variability =  23.2%; and Experim ental mean =
7.41 cm.
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Table 39. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year plant height for A cer rubrum, Expt. 4.
Source df Sums of squares F value Pr > F z
1st Year Plant Height (m)
Total 31 3.146888
Linear component 1 0.275560 2.88 .1001
Deviations from  linear 30 2.871328
Q uadratic  component 1 0.292613 3.29 .0800
Deviations from  quadratic 29 2.578715
Cubic component 1 0.010240 0.11 .7408
Deviations from  cubic 28 2.568475
2nd Year Plant Height (m)
Total 31 5.090548
Linear component^ 1 0.777016 5.40 .0270*
Deviations from linear 30 4.313532
Quadratic component 1 0.203203 1.43 .2409
Deviations from  quadratic 29 4.110329
Cubic component 1 0.006891 0.05 .8299
Deviations from cubic 28 4.103438
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
•vThe linear regression equation is y =  2.259375 + .001659226x, r2 = .15.
Coefficient of variability = 14.9% and 14.7% for 1st and 2nd year, respectively 
(estim ated with error term  of cubic model).
Experim ental mean = 2.037 m and 2.608 m for 1st and 2nd year, respectively.
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Table 40. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year plant height for Betula nigra, Expt. 4.
Source df Sums of squares F value Pr >  Fz
1st Year Plant Height (m)
Total 31 1.070122
Linear component 1 0.010080 0.29 .5972
Deviations from linear 30 1.060042
Quadratic component 1 0.007503 0.21 .6527
Deviations from quadratic 29 1.052539
Cubic component 1 0.005176 0.14 .7127
Deviations from  cubic 28 1.047363
2nd Year Plant Height (m)
Total 31 2.339535
Linear component 1 0.002426 0.03 .8611
Deviations from linear 30 2.337109
Quadratic component 1 0.007844 0.10 .7569
Deviations from quadratic 29 2.329265
Cubic component 1 0.001317 0.02 .9008
D eviations from cubic 28 2.327948
P ro b ab ility  (Pr) of a greater F  va lue. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability = 7.1% and 7.8% for 1st and 2nd year, respectively (es­
tim ated with error term  of cubic model).
Experim ental mean = 2.713 m and 3.697 m for 1st and 2nd year, respectively.
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Table 41. Regression analysis of the relationship between fertilizer ra te (k g N /h a )
and 1st and 2nd year plant height for Lirodendron tulipfera, Expt. 4.
Source df Sums of squares F value Pr > Fz
1st Year Plant Height (m)
Total 23 5.295663
Linear component* 1 1.579323 9.35 .0058**
Deviations from  linear 22 3.716340
Quadratic component 1 0.000916 0.01 .9433
Deviations from  quadratic 21 3.715424
Cubic component 1 0.005629 0.03 .8635
Deviations from  cubic 20 3.709795
2nd Year Plant Height (m)
Total 23 12.679583
Linear com ponent 1 2.925387 6.60 .0175*
Deviations from linear 22 9.754196
Quadratic component 1 0.176216 0.39 .5409
Deviations from  quadratic 21 9.577980
Cubic component 1 0.048480 0.10 .7530
Deviations from cubic 20 9.529500
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe linear regression equation is y = 2.846904 - ,003014866x, r2 = .30.
P h e  linear regression equation isy = 3.511591 - .004103215x, r2 = .23.
Coefficient of variability = 18.7% and 24.8% for 1st and 2nd year, respectively 
(estim ated with erro r term  of cubic model).
Experim ental mean = 2.309 m and 2.779 m for 1st and 2nd year, respectively.
Table 42. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year plant height for Pinus E llio tti, Expt. 4.
Source df Sums of squares F value Pr > Fz
1st Year Plant Height (m)
Total 31 7.488621
Linear component 1 0.335805 1.41 .2446
Deviations from linear 30 7.152816
Quadratic component 1 0.025877 .11 .7479
Deviations from  quadratic 29 7.126939
Cubic component 1 0.038751 0.15 .6986
Deviations from cubic 28 7.088188
2nd Year Plant Height (m)
Total 31 6.585000
Linear component 1 0.060062 0.28 .6031
D eviations from  linear 30 6.524938
Quadratic component 1 0.227813 1.05 .3142
Deviations from  quadratic 29 6.297125
Cubic component 1 0.380250 1.80 .1906
Deviations from  cubic 28 5.916875
zProbabality (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability = 24.6% and 18.3% for 1st and 2nd year, respectively 
(estim ated with erro r term  of cubic model).
Experim ental mean = 2.048 m and 2.513 m for 1st and 2nd year, respectively.
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Table 43. Regression analysis o f the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year plant height for Quercus virginiana, Expt. 4.
Source df Sums of squares F value Pr > F z
1st Year Plant Height (m)
Total 31 2.709788
Linear component 1 0.057760 0.65 .4253
Deviations from linear 30 2.652028
Quadratic component 1 0.003613 0.04 .8437
Deviations from quadratic 29 2.648415
Cubic component 1 0.007840 0.08 .7752
D eviations from cubic 28 2.640574
2nd Year Plant Height (m)
Total 31 7.013750
Linear component 1 0.060062 0.26 .6144
D eviations from linear 30 6.953688
Quadratic component 1 0.101250 0.43 .5179
Deviations from  quadratic 29 6.852438
Cubic component 1 0.115563 0.48 .4940
Deviations from cubic 28 6.736875
P ro b ab ility  (Pr) of a greater F  value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability = 15.8% and 16.9% for 1st and 2nd year, respectively 
(estim ated with erro r term  of cubic model).
Experim ental mean = 1.946 m and 2.907 m for 1st and 2nd year, respectively.
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Table 44. Regression analysis of the relationship between fertilizer rate and 1st and
2nd year plant height for Taxodium distichum, Expt. 4.
Source df Sums of squares F value Pr >  F z
1st Year Plant Height (m)
Total 31 1.329022
Linear component 1 0.023281 0.53 .4702
Deviations from linear 30 1.305741
Quadratic component 1 0.052003 1.20 .2818
Deviations from quadratic 29 1.253738
Cubic component^ 1 0.247276 6.88 .0140*
Deviations from cubic 28 1.006462
2nd Year Plant Height (m)
Total 31 2.799997
Linear component 1 0.003706 0.04 .8433
Deviations from linear 30 2.796291
Quadratic component 1 0.097903 1.05 .3135
Deviations from quadratic 29 2.698388
Cubic com ponent 1 0.431601 5.33 .0285*
Deviations from cubic 28 2.266787
P ro b ab ility  (Pr) of a greater F  value. Significance is denoted as significant at 
5% (*) or 1 %(**) levels.
yThe cubic regression equation is y =  3.3925 - ,023365575x + .000133574 x“ - 
.000000221 x3, r2 = .24.
xThe cubic regression equation is y = 4.7225 - .031011905x + .00017618 x2 - 
.000000292 x3, r2 = .19.
Coefficient of variability =  8.3% and 8.9% for 1st and 2nd year, respectively (es­
tim ated with error term  of cubic model).
Experim ental mean = 2.278 m and 3.205 m for 1st and 2nd year, respectively.
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Table 45. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year trunk caliper for A cer rubrum, Expt. 4.
Source df Sums of squares F value Pr > Fz
1st Year Trunk Caliper (cm)
Total 31 6.03029
Linear component 1 0.19182 0.99 .3287
Deviations from linear 30 5.83847
Quadratic component 1 0.00320 0.02 .9005
Deviations from quadratic 29 5.83527
Cubic component 1 0.73984 4.07 .0535
Deviations from cubic 28 5.09543
2nd Year Trunk Caliper (cm)
Total 31 17.99355
Linear component 1 1.20409 2.15 .1528
Deviations from linear 30 16.78946
Quadratic component 1 1.43651 2.71 .1103
Deviations from  quadratic 29 15.35295
Cubic component 1 0.18632 0.34 .5622
Deviations from cubic 28 15.16663
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability = 14.4% and 18.3% for 1st and 2nd year, respectively (es­
tim ated with erro r term  of cubic model).
Experim ental mean = 2.97 cm and 4.03 cm for 1st and 2nd year, respectively.
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Table 46. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year trunk caliper for Betula nigra, Expt. 4.
Source df Sums of squares F value Pr > F z
1st Year Trunk Caliper (cm)
Total 31 3.81962
Linear component 1 0.07140 0.57 .4556
Deviations from linear 30 3.74822
Quadratic component 1 0.37123 3.19 .0846
Deviations from quadratic 29 3.37699
Cubic component 1 0.03580 0.30 .5882
Deviations from cubic 28 3.34119
2nd Year Trunk Caliper (cm)
Total 31 10.34240
Linear component 1 0.00028 0.00 .9776
D eviations from  linear 30 10.34212
Quadratic component 1 0.29325 0.85 .3652
Deviations from  quadratic 29 10.04887
Cubic component 1 0.00198 0.01 .9413
Deviations from cubic 28 10.04689
^Probability (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or levels.
Coefficient of variability =  13.0% and 16.1% for 1st and 2nd year, respectively 
(estim ated with error term  of cubic model).
Experim ental mean = 2.66 cm and 3.73 cm for 1st and 2nd year, respectively.
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Table 47. Regression analysis of the relationship between fertilizer (kg N/ha) rate
and 1st and 2nd year trunk caliper for Liriodendron tulipfera, Expt. 4.
Source df Sums of squares F value Pr > Fz
1st Year Trunk Caliper (cm)
Total 23 13.26830
Linear component^ 1 4.11899 9.90 .0047**
Deviations from  linear 22 9.14921
Quadratic component 1 0.10926 0.25 .6196
Deviations from quadratic 21 9.04005
Cubic component 1 0.02919 0.06 .8017
Deviations from cubic 20 9.01086
2nd Year Trunk Caliper (cm)
Total 23 37.97036
Linear component* 1 9.83360 7.69 .0111*
Deviations from linear 22 28.13676
Quadratic component 1 0.75280 0.58 .4558
Deviations from quadratic 21 27.38396
Cubic component 1 0.22854 0.17 .6860
Deviations from cubic 20 27.15542
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1 %(**) levels.
yThe linear regression equation is y = 3.86951 - .004868866x, r2 = .31.
P h e  linear regression equation is y = 5.97660 - .007522964x, r2 = .26.
Coefficient of variability = 22.4% and 25.2% for 1st and 2nd year, respectively 
(estim ated with erro r term  of cubic model)
Experim ental m ean = 3.00 cm and 4.63 cm for 1st and 2nd year, respectively.
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Table 48. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year trunk caliper for Pinus Elliotti, Expt. 4.
Source df Sums of squares F value Pr > F z
1st Year Trunk Caliper (cm)
Total 31 30.80719
Linear component 1 1.26202 1.28 .2666
D eviations from linear 30 29.54517
Quadratic component 1 0.42090 0.42 .5225
Deviations from quadratic 29 29.12427
Cubic component 1 1.30141 1.31 .2621
D eviations from cubic 28 27.82286
2nd Year Trunk Caliper (cm)
Total 31 41.53697
Linear component 1 0.88953 0.66 .4242
Deviations from linear 30 40.64744
Quadratic component 1 2.79070 2.14 .1545
Deviations from quadratic 29 37.85674
Cubic component 1 1.80413 1.40 .2465
Deviations from cubic 28 36.05261
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
Coefficient of variability = 20.0% and 17.7% for 1st and 2nd year, respectively 
(estim ated with error term  of cubic model)
Experim ental mean = 4.97 cm and 6.42 cm for 1st and 2nd year, respectively.
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Table 49. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year trunk caliper for Quercus virginiana, Expt. 4.
Source df Sums of squares F value Pr > Fz
1st Year Trunk Caliper (cm)
Total 31 6.06340
Linear component 1 0.61504 3.39 .0756
Deviations from linear 30 5.44836
Quadratic component 1 0.14580 0.80 .3792
Deviations from quadratic 29 5.30256
Cubic component 1 0.02401 0.13 .7239
Deviations from cubic 28 5.27855
2nd Year Trunk Caliper (cm)
Total 31 12.70692
Linear component^ 1 1.57807 4.25 .0479*
Deviations from linear 30 11.12885
Quadratic component 1 0.01853 0.05 .8275
Deviations from quadratic 29 11.11032
Cubic component 1 0.02328 0.06 .8102
Deviations from cubic 28 11.08704
zProbability (Pr) of a greater F value. Significance is denoted as significant at 
5% (*) or 1%(**) levels.
yThe linear regression equation is y = 4.563125 - .002364583x, r2 =  .12.
Coefficient of variability = 16.2% and 15.5% for 1st and 2nd year, respectively 
(estim ated with error term  of cubic model)
Experim ental mean = 2.69 cm and 4.07 cm for 1st and 2nd year, respectively.
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Table 50. Regression analysis of the relationship between fertilizer rate (kg N/ha)
and 1st and 2nd year trunk caliper for Taxodium distichum, Expt. 4.
Source df Sums of squares F value Pr > F 2
1st Year Trunk Caliper (cm)
Total 31 10.51220
Linear component 1 0.22500 0.66 .4243
Deviations from linear 30 10.28720
Quadratic component 1 0.02645 0.07 .7865
Deviations from quadratic 29 10.26075
Cubic component 1 1.33225 4.18 .0505
D eviations from cubic 28 8.92850
2nd Year Trunk Caliper (cm)
Total 31 77.70775
Linear component 1 3.84400 1.56 .2211
Deviations from linear 30 78.86375
Quadratic component 1 5.42851 2.30 .1402
Deviations from  quadratic 29 68.43524
Cubic component 1 2.37656 1.01 .3241
Deviations from cubic 28 66.05868
P ro b ab ility  (Pr) of a greater F value. Significance is denoted as significant at 
5%(*)  or 1%(**) levels.
Coefficient of variability = 10.0% and 20.3% for 1st and 2nd year, respectively 
(estim ated with erro r term  of cubic model).
Experim ental mean = 5.68 cm and 7.56 cm for 1st and 2nd year, respectively.
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